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1Executive summary
The paper presents novel empirical tests of a regime switching multivariate
conditional international Capital Asset Pricing Model (CAPM) for stock and
government bond indices. The underlying model is the international CAPM
of Adler and Dumas (1983), made conditional by means of a multivariate
GARCH-in-mean speciﬁcation and regime switching prices of market and
currency risk (as well as intercepts). The additional assumption that local
(home country) inﬂation is zero or deterministic reduces inﬂation risk premia
to currency risk premia. The aim is to evaluate to what extent such a model
can explain the asset returns in the US, Japan and Europe over the last
10 to 15 years, and whether the model can be usefully employed in global
tactical asset allocation.
More speciﬁcally, the paper introduces time variation in the prices of
market and currency risk through synchronous regime switching. In a sec-
ond model speciﬁcation, synchronously regime switching intercepts are also
included in the mean equations. By allowing the prices of risk to switch,
one avoids having to specify an analytical expression for the prices of risk.
Instead, only the probability laws governing the latent switching state vari-
able needs to be speciﬁed. It is assumed that the switching follows a 2-state
Markov chain. Hence, the paper essentially addresses the problem of in-
trinsic arbitrariness of standard exogenous models for the prices of risk, by
allowing the data to "speak", obviously within the constraints of the postu-
lated probability laws and assumed synchronism of switching. Moreover, by
adding time varying intercepts through regime switching in a second model
speciﬁcation, the paper also proposes a novel and rigorous test of the inter-
national CAPM, by decomposing the expected excess return on each asset
into two time-varying components, one generated by international CAPM,
and the other by an unknown process that could be pricing unidentiﬁed risk
factors. Measuring the statistical signiﬁcance of this second asset-speciﬁc
component constitutes a critical test of the conditional international CAPM.
The main results of the paper are:
i) The pure (no intercepts) conditional international CAPM is rejected due
to a frequently negative price of market risk (probability-weighted), even
when moderately smoothed. This price of market risk, or global risk aver-
sion, is highly volatile and exhibits much richer structure than in the corre-
sponding non-switching analysis of Fearnley (2002). However, the levels are
very similar, and the switching and non-switching analyses appear to cap-
ture the same trends, in particular a signiﬁcant drop in early 1998. Overall,
2a comparison of the switching and non-switching analyses indicates broad
consistency, despite the greater sensitivity of the switching analysis.
ii) When adding regime switching asset-speciﬁc intercepts, the null hypoth-
esis that the price of market risk, in its lower state and probability-weighted,
is non-negative can no longer be rejected. In fact, the intercepts absorb the
most extreme values of the price of market risk and its signiﬁcant swings
into negative territory. However, the intercepts are found to be signiﬁcantly
diﬀerent from zero, and typically negative in the low risk aversion state and
positive in the high risk aversion state. The results amount to a rejection
at the 1% signiﬁcance level of the (pure) conditional international CAPM
in its speciﬁed form. In fact, while the intercepts appear to "rescue" the
international CAPM terms, their presence "kills" the international CAPM.
According to this regime switching analysis, the international CAPM alone
cannot explain the returns of the 1990’s. Very roughly, the international
CAPM explains only about half of the expected excess returns on most of
the assets. Also the non-switching analysis of Fearnley (2002) rejects the
conditional international CAPM for the (same) sample period as a whole.
However, while the rejection in his paper is based on insuﬃcient evidence
for the model in the late 1990s, the rejection in this paper is linked to the
presence of signiﬁcant intercept terms. In fact, the absence of intercepts in
the non-switching analysis of Fearnley (2002) may possibly explain some of
his results.
iii) As for the optimal ("log") portfolio, the results are similar to those of
Fearnley (2002). Neither the switching nor the non-switching model speciﬁ-
cation appears to adequately describe the observed global asset allocation.
Moreover, neither model "beats the market" out-of-sample, as a buy & hold
strategy again outperforms a dynamic strategy based on the international
CAPM.
31 Introduction
Conditional versions of international asset pricing models have been esti-
mated by a number of authors. Comprehensive reviews are provided by,
among others, Karolyi and Stulz (2001) and Dahlquist and Sallstrom (2002).
A general result is that a single-factor international Capital Asset Pricing
Model (CAPM) fails to explain the cross section of global asset returns, and
the portfolio holdings of national investors (home bias). Empirical work has
therefore shifted to multi-factor models, such as international CAPM with
currency risk, international Arbitrage Pricing Theories (APTs), and inter-
national intertemporal CAPMs. An international CAPM with currency risk
has been derived by Solnik (1974) and Sercu (1980), and extended to incor-
porate inﬂation risk by Adler and Dumas (1983). Conditional versions of
this model have been estimated (assuming non-stochastic inﬂation) by Du-
mas and Solnik (1995), De Santis and Gerard (1998), De Santis, Gerard and
Hillion (1998), Cappiello (1998), Cappiello and Fearnley (2000), Dahlquist
and Sallstrom (2002), and Fearnley (2002). The latter adds government
bonds in the analysis. Some of these tests seem to provide support for the
international CAPM with currency risk (Dumas and Solnik; De Santis and
Gerard; De Santis, Gerard and Hillion), whereas others identify discrepan-
cies between data and model predictions (notably Dahlquist and Sallstrom,
and Fearnley 2002). For instance, Dahlquist and Sallstrom ﬁnd positive and
signiﬁcant intercept terms, which is indicative of missing factors. Fearn-
ley ﬁnds that the ability of the conditional international CAPM to explain
global stock and bond returns varies over time, as the price of market risk
is not always signiﬁcant at conventional signiﬁcance levels. Moreover, he
draws attention to the observed home bias, which is inconsistent with the
model prediction that all investors hold the same portfolio of risky assets
when local inﬂation is zero or deterministic. These somewhat divergent re-
sults can be attributed to diﬀerences in estimation methodology and model
speciﬁcation (of conditionality), time period, priced assets and global cover-
age, deﬁnition of World market portfolio, and inference criteria. The results
show that the degree of model validity is still largely an open question, and
that the search for other pricing factors beyond market and currency risk
premia should be pursued.
Within the international CAPM of Solnik (1974), Sercu (1980), and
Adler and Dumas (1983), it is now common to introduce conditionality,
or time variation, in both the pricing factors (covariances) and the prices of
risk. Tests of the international CAPM then eﬀectively become joint tests
of the underlying asset pricing model itself and the often more ad hoc or
empirical models for conditionality. Models for conditionality should there-
fore be critically evaluated. For instance, covariances (or, in multivariate
4estimation, the covariance matrix) are often modelled as simple GARCH
processes. Models such as GARCH(1,1), however, may arguably be too
simple. It has been pointed out by a number of authors that estimated
GARCH models yield too high persistence parameter (close to one), which
reduces forecasting power. In fact, Engle and Mustafa (1992) show that the
implied volatility fell much faster after the 1987 stock market crash than
a simple GARCH model would suggest. Diebold (1986) suggests that this
high persistence is in fact spurious, caused by non-modelled jumps in the
constant term. Lamoreux and Lastrapes (1990) follow up on this idea by in-
troducing shifts in the constant terms through dummy variables. Cappiello
and Fearnley (2000) go further by incorporating regime switching of the
GARCH parameters within a conditional multivariate international CAPM.
Interestingly, they ﬁnd that the price of market risk is not signiﬁcant within
this regime switching speciﬁcation, whereas it is signiﬁcant within a simple
non-switching GARCH speciﬁcation. As if the problem of potentially spuri-
ous persistence were not enough, the econometrician attempting to estimate
a multivariate GARCH model also faces the challenge of severe parameter
proliferation, forcing him to adopt simpliﬁed, or restrictive representations,
such as the very parsimonious Ding-Engle (1994) or somewhat more general
diagonal BEKK representation of Baba, Engle, Kraft, and Kroner (Engle
and Kroner 1995). The result is loss of generality and ability to capture
cross market volatility spillovers, in particular.
Time variation in the prices of risk have usually been modelled by means
of exogenous information variables which are sensitive to the business cycle
(Harvey 1989, 1991; Bekaert and Hodrick 1992; Campbell and Hamao 1992;
Ferson and Harvey 1993, 1994; Harvey, Solnik and Zhou 1994; Bekaert and
Harvey 1995; Dumas and Solnik (1995); De Santis and Gerard 1997, 1998;
De Santis, Gerard and Hillion 1998; Fearnley 2002). These variables are
typically: i) the World dividend yield in excess of the US riskfree rate; ii)
the US default premium; iii) the (absolute) change in the US term premium;
and iv) the (absolute) change in the US riskfree rate. A constant term (and
sometimes a January dummy variable) is also included. The dividend yield,
default premium and term premium tend to be high in recessions and low
during boom times (Fama and French 1989). In Campbell and Cochrane’s
(1999) consumption based asset pricing model with habit formation, the
price of risk is indeed time varying; it rises (falls) when surplus (excess of
habit or subsistence) consumption falls (rises), and the surplus consumption
moves with the business cycle. The problem with the empirical approach
and its typical reliance on exogenous information variables is essentially
its ad hoc or arbitrary nature and inherent risk of mis-speciﬁcation and
data mining. Are these variables universally relevant at all times? Which,
5if any, variables have been left out? What is the functional relationship
between prices of risk and these variables? Are the coeﬃcients determining
the explanatory power of the variables really constant? To ensure a positive
price of market risk, an exponential form is often chosen. However this is an
arbitrary choice, without foundation in any theory. As Dumas and Solnik
(1995) point out, in a general equilibrium setting the prices of risk would
probably be non-linear functions of exogenous variables describing the state
of the economy. The key unknowns, then, are the linear function(s), the
state variables, and their time dependence or stability.
Alternative techniques for modelling time varying prices of risk have pre-
dominantly been developed within the domestic version of CAPM. Chou,
Engle and Kane (1992) measure the time varying risk aversion, or price of
market risk, within a simple conditional GARCH(1,1)-in-mean univariate
domestic (US) CAPM using a Kalman ﬁlter combined with Maximum Like-
lihood estimation, covering the period 1928-1987 at weekly frequency. To do
so, a random walk model for the risk aversion is speciﬁed. The authors ﬁnd
that the risk aversion (price of market risk) varies signiﬁcantly over time,
and even brieﬂy becomes negative in the early 1930’s. The results are inter-
esting both in terms of methodology and economic content, as they indicate,
through other means than the usual exogenous information variables, that
the risk aversion is volatile. Still, the random walk assumption is somewhat
ad hoc, rendering the technique particularly vulnerable to mis-speciﬁcation
of the risk aversion model. Bekaert and Harvey (1995), in a bivariate inter-
national CAPM without currency risk, introduce a regime switching factor
which multiplies the price of market risk, a factor which is supposed to
measure the degree of country integration with the world market. Econo-
metrically the approach is closely related to letting the price of market risk
itself switch. More recently, the price of market risk (and intertemporal
risk) has been modelled as a regime switching Markovian parameter within
domestic CAPMs by Chauvet and Potter (1998) and Cappiello (1999, 2000),
who use Hamilton’s regime switching model (1988, 1989, 1990, 1994). Chau-
vet and Potter, who in fact employ a combination of this switching model
and a Kalman ﬁlter, ﬁnd that the price of market risk varies with the busi-
ness cycle. Cappiello, on the other hand, using the parsimonious Ding-Engle
representation of a multivariate asymmetric GARCH, ﬁnds that the prices
of market and intertemporal risk tend to vary with market volatility. These
approaches are promising as they move away from exogenous information
variables and analytic expressions for the prices of risk. Still, the assumption
that regime switching is governed by a Markov process is by itself restrictive
and, one could argue, ad hoc.
Fearnley (2002) addresses the arbitrariness of exogenous information
6variables in a diﬀerent way, by proposing, within a conditional multivariate
international CAPM, a model which endogenizes the price of market risk, us-
ing information available in the conditional (diagonal BEKK GARCH(1,1))
covariance matrix. He abandons the exponential form in favour of a linear
max function, which happens to be non-binding. The results are suﬃciently
interesting to merit further investigation, insofar as the inferences drawn
from this model are somewhat more favourable to the international CAPM
than those drawn from alternative models with classic (constant, or exoge-
nous instrument) speciﬁcations of the price of market risk. Still, the model
of Fearnley (2002) is really a semi-endogenous one, since it also incorporates
a dummy-variable induced shift in the level of the prices of risk at an ex-
ogenously determined point in time. Moreover, the search for endogenous
variables and their functional forms can admittedly be criticized along the
same lines as the search for the exogenous counterparts.
In this paper we propose to model the prices of market and currency
risk within the international CAPM as regime switching variables, which
are estimated using Hamilton’s (1988, 1989, 1990, 1994) regime switching
ﬁlter. We also estimate a model with switching intercepts. The starting
point is a conditional multivariate version of Adler and Dumas’ (1983) in-
ternational CAPM with currency risk (we assume zero inﬂation risk), for US,
Japanese and European stock and government bond returns covering the pe-
riod 1993-2001. The key assumptions that we make are that i) the regime
switching of the prices of risk is governed by a latent (unobserved) random
state variable ￿￿ that switches between two regimes (￿￿ =1 ￿2) according to a
2-state Markov chain with constant transition probabilities; and ii)t h a ta l l
(three) prices of risk switch synchronously, i.e. their switching is governed
by the same latent state variable. The former assumption, which is often
made in the regime switching literature, is restrictive mainly through the
imposed constancy of the Markov switching probabilities, but also through
the postulated Markov behaviour. The assumption of two states only, on
the other hand, is in fact much less restrictive than it ﬁrst appears, since the
two states can be interpreted as deﬁning the extremes, or ﬂoor and ceiling,
of the switching variable which probabilistically can take on a continuum of
values between the two extremes. Of course, the constancy of these extremes
is by itself restrictive. The latter assumption, however, is clearly much more
restrictive. In practice it means that the prices of currency risk will be fully
correlated, or anti-correlated, with the price of market risk (risk aversion).
More precisely, it assumes that the national risk aversion parameters switch
regime with the same frequency, or that only one of them switches regime.
The restrictiveness is even stronger when we in a second model speciﬁcation
allow for regime switching intercepts that are synchronized with the prices
7of risk. The assumption of a unique latent state variable ￿￿ is entirely driven
by numerical and tractability constraints.
We do not impose positivity on the price of market risk. Within the
constraints imposed by the above assumptions, we let the data "speak". In
other words, we measure the most likely value (in the maximum likelihood
sense) of the prices of risk (and intercepts) in each period. If the most likely
value of the price of market risk is signiﬁcantly negative for any length of
time, the international CAPM and the associated models for conditionality
can be jointly rejected. Likewise, intercepts signiﬁcantly diﬀerent from zero
are also interpreted as joint rejection. The lack of non-negativity constraints
may be viewed with scepticism among some purists who endorse Merton’s
(1980) advise to the eﬀect that ”... the non-negativity restriction of the ex-
pected excess return should be explicitly included as part of the speciﬁcation”.
We, too, normally heed this advice when specifying an explicit analytical ex-
pression for the price of market risk (see Fearnley 2002, who adopts either
the commonly used exponential form, or a linear max function). In this
paper, however, we do not specify any analytical expression for the prices of
risk. Instead, we just specify the probability laws (2-state Markov chain)
governing the underlying state variable ￿￿ and thus the switching of the
prices of risk (and intercepts). In such a setting, if we had imposed a non-
negativity constraint, it would have been diﬃcult to tell whether the most
likely price of market risk were in fact negative at a given point in time.
To keep a complex analysis tractable and numerically feasible, we retain
a standard version of the diagonal BEKK representation of the multivari-
ate GARCH(1,1), thereby following Cappiello and Fearnley (2000) in their
initial non-switching analysis, and Fearnley (2002). As argued above, this
representation has its limitations, although fewer than the diagonal Ding-
Engle (1994) speciﬁcation which is much used in the literature. Cappiello
and Fearnley (2000) have already addressed, within a conditional multivari-
ate international CAPM for stock returns, the problem of possibly spurious
persistence of GARCH(1,1) models as well as the lack of volatility spillovers
in a diagonal BEKK, by letting the ARCH and GARCH parameters of the
diagonal BEKK switch regimes. Ideally we would have liked to combine this
regime switching GARCH with our switching prices of risk. In practice such
a combination would increase complexity dramatically and maybe render the
system of equations numerically unstable. Moreover, it would probably have
been necessary to make the highly restrictive, and most likely unreasonable,
assumption that the prices of risk (and intercepts) switch synchronously
with the ARCH/GARCH parameters, resulting in a perfectly unison system
of questionable realism.
8One advantage with not combining the two approaches is that it allows
us to isolate the eﬀect of letting the prices of risk (and intercepts) switch, by
directly comparing the results with those obtained by Fearnley (2002), who
employs a variety of conventional (constant, exogenous information vari-
able) and unconventional (dummy-induced level shift, endogenous informa-
tion variable) non-switching models for the prices of risk. Such comparison
is possible because we use identical data sets, assets, and deﬁnition of the
World market portfolio. More precisely, like Fearnley (2002), we estimate
the international CAPM at weekly frequency using both stocks and govern-
ment bonds (US, Japanese and European) in the World market portfolio
and among the priced assets, covering the in-sample period 8 January 1993
to 16 February 2001 (and out-of-sample period 23 February to 26 October
2001). The rationale and justiﬁcation for incorporating government bonds
is spelled out in Fearnley (2002). In essence, the inclusion of bonds partially
addresses Roll’s (1977) critique of CAPM estimation based on a too narrow
deﬁnition of the market portfolio. Following Roll’s argument, a more inclu-
sive deﬁnition should render inferences more robust. Fearnley shows that
the inferences are, in fact, not very sensitive to the exclusion of government
bonds. He also shows, however, that government bonds do neither better nor
worse than stocks in speciﬁcation tests of the estimated residuals, a result
which provides empirical support for their inclusion. These facts, coupled
with a wish to directly compare our results with those of Fearnley (2002),
including portfolio performance, underlie our decision to retain government
bonds in the analysis.
The main contributions of our analysis to the existing literature are: i)
Regime switching prices of risk are introduced in a multivariate interna-
tional CAPM with currency risk. As mentioned, this technique has so far
mainly been adopted within domestic CAPMs with fewer pricing factors
(market risk and intertemporal risk) and considerably lower dimensional-
ity (up to 4-variate). By pricing US, Japanese and European stocks and
government bonds, the World market portfolio, and two Eurocurrency de-
posits (in Yen and a European currency basket), we estimate a 9-variate
model; ii) Regime switching intercept terms are modelled. This allows us to
test the international CAPM in a novel and more rigorous way, and to de-
compose the expected excess return into two time-varying components, one
generated by international CAPM, and the other by an unknown process
possibly pricing unidentiﬁed risk factors; and iii) The analysis takes regime
switching GARCH estimation to a new level in terms of model complexity.
It is shown that it is possible to estimate a regime switching GARCH-in-
mean even for a 9-variate system with three pricing factors plus intercepts,
with a diagonal BEKK representation, and up to 89 unknown parameters.
9This is facilitated by a new and more eﬀective algorithm for estimating a
regime switching GARCH-in-mean, which involves the use of an updated
regime probability.
The paper is organized as follows. The international CAPM with regime
switching prices of risk (and intercepts) is discussed in Section 2. The as-
sumptions underlying the international CAPM have been presented in Fearn-
ley (2002), and the section therefore focuses on the estimation of regime
switching parameters. The data are presented in Section 3. Since the data
are identical to those used by Fearnley (2002), only essential properties are
reviewed. Section 4 shows the results, ﬁrst for the international CAPM with
switching prices of market and currency risk, and thereafter for a model
speciﬁcation that includes switching prices of risk as well as switching inter-
cept terms. In Section 5 we discuss portfolio implications and out-of-sample
portfolio performance. Section 6 concludes.
102 Model speciﬁcation
2.1 International CAPM
The (non-switching) multivariate GARCH(1,1)-in-mean international CAPM
is described in detail in Fearnley (2002), and we therefore limit our discussion
here to the key equations. The original one-period (unconditional) model of
Adler and Dumas (1983) has the form:
￿(￿￿|Ψ)=￿￿ · ￿￿￿(￿￿￿￿ ￿￿￿|Ψ)+
￿ ￿
￿=1
￿￿ · ￿￿￿(￿￿￿Π￿|Ψ) (1)
where ￿(￿￿|Ψ) is the expected nominal excess return on asset ￿, given the
available information set Ψ. ￿￿ is the inverse of the world wealth-weighted













where ￿￿ and ￿￿ are, respectively, the wealth and average risk tolerance of
country ￿ (￿ =1 ￿￿￿￿￿￿), and ￿ =
￿￿
￿=1￿￿ is the total world wealth (the
market capitalization of the World market portfolio when locally riskless as-
sets, or currency deposits, are in zero net supply). ￿￿ is therefore a measure
of the global wealth-weighted average risk aversion. ￿￿￿(￿￿￿￿ ￿￿￿|Ψ) is the
conditional covariance between the nominal excess return on asset ￿ and the
nominal excess return on the World market portfolio (￿￿￿) of risky assets,
given Ψ. Since this covariance is the market risk exposure, ￿￿ can be in-
terpreted as the global average price of market risk. ￿￿￿(￿￿￿Π￿|Ψ) is the
conditional covariance between the nominal excess return on asset ￿ and the
local inﬂation rate in country ￿, given Ψ. Hence it represents the exposure
to inﬂation risk in country ￿. The country speciﬁc coeﬃcient ￿￿ can therefore







1In Fearnley (2002) risk tolerance is denoted ￿. In our paper we will denote it￿,s i n c e
wel e t ￿ represent the intercept term.
11Returns and inﬂation rates are measured in a reference currency. Returns
are in excess of the riskless interest rate of the reference currency. Equation
1 holds for all risky assets, including non-reference currency deposits, which,
despite being riskless in the home currency, are risky when translated into
the reference currency.
Equation 1 shows that the total risk premium of a risky asset consists
of two parts: i) a "classic" CAPM nominal market risk premium, ￿￿ ·
￿￿￿(￿￿￿￿ ￿￿￿|Ψ), albeit with the World market portfolio replacing the home
market portfolio in domestic CAPM; and ii) a sum of inﬂation premia,
￿￿ ·￿￿￿(￿￿￿Π￿|Ψ), one for each (integrated) country in the world. Note that
there is no constraint on the sign of ￿￿. It is negative for ￿￿ ￿ 1, i.e. when
the average risk tolerance of country ￿ is low. Moreover, ￿￿ is zero for ￿￿ =1 ,
i.e. if the average investor of country ￿ is logarithmic. If all countries are,
on average, logarithmic, then ￿￿ =0 , ∀￿, and all inﬂation premia disappear,
leaving only the standard market risk premium.
If local home-currency inﬂation (as seen by local investors) is zero or
deterministic, as assumed by Solnik (1974) and Sercu (1980), the country
speciﬁc inﬂation rate Π￿, measured in the reference currency, reduces to the
relative change of the exchange rate
￿￿￿￿
￿￿ , where ￿￿￿￿ is the reference currency
and ￿￿ is the currency of country ￿. However, since currencies earn locally
riskless interest, and equation 1 holds for all risky assets, including non-
reference currency deposits, the relative change of the exchange rate
￿￿￿￿
￿￿ can
be transformed into the return on a bank or Eurocurrency deposit (or bill)
in currency ￿￿, measured in the reference currency. Moreover, there are now
only ￿ −1 terms in equation 1, because there are only ￿ −1 exchange rates
between the reference currency and the currencies of ￿ countries. Therefore,
if local inﬂation is zero or deterministic, equation 1 reads:
￿(￿￿|Ψ)=￿￿ · ￿￿￿(￿￿￿￿ ￿￿￿|Ψ)+
￿−1 ￿
￿=1
￿￿ · ￿￿￿(￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿(￿￿)|Ψ), ￿￿ ￿= ￿￿￿￿ (4)
where ￿￿￿￿￿￿￿￿￿￿￿￿(￿￿) is the return on a Eurocurrency (or bank) deposit in
currency ￿￿, measured in the reference currency. ￿￿￿(￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿(￿￿)) is
then the exposure to currency ￿￿ risk, and ￿￿ now represents the price of
currency ￿￿ risk (￿￿ is still given by equation 3).
In our analysis we will assume zero or deterministic local inﬂation, mea-
sured in the local currency. However, since the international CAPM of Adler
12and Dumas is a one-period model, equation 4 must be reformulated if we
want to estimate a conditional version of the international CAPM. This is
usually done by requiring equation 4 to hold period by period2. We there-
fore respecify equation 4 in a conditional form, introducing conditionality in
both the prices of risk and in the ﬁrst and second moments:
￿(￿￿￿￿+1|Ψ￿) = ￿￿￿￿ · ￿￿￿(￿￿￿￿+1￿￿ ￿￿￿￿￿+1|Ψ￿)+
￿−1 ￿
￿=1
￿￿￿￿ · ￿￿￿(￿￿￿￿+1￿￿ ￿￿￿￿￿￿￿￿￿￿￿(￿￿)￿￿+1|Ψ￿), ￿￿ ￿= ￿￿￿￿ (5)
A 9-variate model speciﬁcation of equation 5, with USDas reference
currency, is tested in Fearnley (2002), for US, Japanese and European stock
and government bond markets, two risky Eurocurrency deposits in Yen and
a European currency basket (￿ =3 ), and for the World market portfolio
of stocks and government bonds. More precisely, Fearnley (2002) allows
for 9 risky assets, ordered as follows: 1) US stocks; 2) Japanese stocks; 3)
European stocks; 4) US government bonds; 5) Japanese government bonds;
6) European government bonds; 7) EuroYen deposit; 8) European currency
basket Eurodeposit, which is called EuroECUB deposit; and 9) the World
market portfolio of stocks and government bonds, henceforth denoted ￿.
Equation 5 is thus speciﬁed in a vector form which can be estimated econo-
metrically by means of maximum likelihood:
R￿+1 = ￿￿￿￿ · ￿￿￿(R￿+1￿￿ ￿￿￿+1|Ψ￿)+￿￿￿ ￿ ￿ ￿· ￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿+1|Ψ￿)+
￿￿￿￿￿￿￿ · ￿￿￿(R￿+1￿￿￿￿￿￿￿￿￿￿￿￿+1|Ψ￿)+ε￿+1 (6)
where R￿+1is the 9 × 1 vector of realized excess returns at time ￿;
￿￿￿(R￿+1￿￿ ￿￿￿+1|Ψ￿) is the 9 × 1 vector of conditional covariances between
the expected excess asset returns and the expected excess return on the
World market portfolio ￿, conditional on the information set Ψ￿;
2Note, however, that a rigorous derivation of a conditional version of the international
CAPM would probably require a time-varying investment opportunity set and underlying
state variables, leading to an intertemporal version of the model, along the lines of Merton
(1973).
13￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿+1|Ψ￿) and ￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿￿+1|Ψ￿) are the 9 × 1
vectors of conditional covariances between the expected excess asset returns
and the expected excess return on EuroYen and EuroECUB deposits, re-
spectively; ￿￿￿￿, ￿￿￿ ￿ ￿ ￿ and ￿￿￿￿￿￿￿ are the time varying prices of market,
Yen and ECUB risks, respectively; and ε￿+1 is a 9×1 vector of conditionally
multivariate ￿(0￿H￿+1) distributed residuals, where H￿+1 is the conditional
9 × 9 covariance matrix.
Our aim is to estimate the same system of equations (eq. 6), for the same
assets, but with regime switching price of market risk ￿￿(￿￿) and prices of
currency risk ￿￿￿ ￿(￿￿), ￿￿￿￿￿(￿￿), where ￿￿ can be in two regimes (￿￿ =1 ￿2).
We will also add asset speciﬁc switching intercepts through a 9 × 1 vector
α(￿￿) (see equation 6’ below).
2.2 GARCH speciﬁcation
The conditional covariance matrix H￿+1 is modelled as a multivariate
GARCH(1,1) process, giving a multivariate GARCH(1,1)-in-mean speciﬁca-
tion of the international CAPM. In order to reduce the number of unknown
GARCH parameters, we adopt the diagonal speciﬁcation of the BEKK rep-
resentation (Baba, Engle, Kraft, and Kroner, see Engle and Kroner 1995),







where, for a 9-variate system, C is a lower triangular 9 × 9 matrix . Hence
CC
￿ is a Cholesky decomposition of a symmetric positive deﬁnite matrix
which serves as the constant term of the multivariate GARCH process, and
ensures that H￿+1 is positive deﬁnite under mild conditions. a and b are
9 × 1 vectors of GARCH parameters to be estimated. The operator ￿ is
the Hadamard matrix multiplication operator. The diagonal BEKK is a
special case of the general BEKK representation, which for a multivariate







where, for a 9-variate system, A and B are 9×9 matrices of GARCH param-
eters. By using equation 7 one implicitly restricts A and B to be diagonal.
This restriction brings the number of GARCH parameters in our 9-variate
14system down from 207 to 63, a reduction which is necessary and, it turns out,
suﬃcient, for empirical implementation of the model. The simpliﬁcation ob-
viously has a price, as it assumes away contemporaneous volatility spillovers
across markets and, more generally, interactions between contemporaneous
conditional volatilities and covariances. In fact the data, as we shall see
in the next section, exhibit signiﬁcant unconditional correlations between
squared weekly excess returns for some of the assets. Note, however, that
the absence of explicitly modelled conditional volatility spillovers does not
rule out the propagation of volatility spillovers through the natural channel
of contemporaneously correlated shocks in the asset markets. Moreover, our
diagonal BEKK is much less parsimonious, and thus more general, than the
diagonal Ding and Engle (1994) representation which is often used in the
literature. The latter, which would require only 18 GARCH parameters (the
elements of the vectors a and b), does not guarantee a positive deﬁnite condi-
tional covariance matrix under the mild conditions of the (diagonal) BEKK
representation3. In fact, this problem is experienced ﬁrst-hand when we try
to estimate the model using the Ding-Engle representation; the conditional
covariance matrix fails to be positive deﬁnite for many observations and it-
erations, a problem that does not occur when we use the diagonal BEKK.
Such failures can only be handled by skipping the problematic observations,
causing loss of information and potentially biased estimates.
2.3 Regime switching prices of risk
We postulate that the prices of risk switch synchronously between two states
￿￿(￿￿), ￿￿￿ ￿(￿￿), ￿￿￿￿￿(￿￿), ￿￿ =1 ￿2, producing time variation through
the switching. This leads to a regime switching multivariate GARCH-in-
mean model. Like any regime switching GARCH model, it is diﬃcult to
estimate. The reason is that the conditional covariance matrix depends on
the whole history of states, leading to a power law proliferation of possible
covariance matrices and error term vectors. With two states, their number
grows with time (observation number) ￿ as 2(￿−1) and 2￿, respectively, which
are astronomical numbers for anything but very small sample sizes. When
using a regime switching algorithm in conjunction with maximum likelihood
estimation, each one of the resulting 2￿ conditional densities must be included
in the likelihood function with an appropriate weight, which for large data
samples is an impossible task even for a dedicated supercomputer.
In our model, synchronous switching between two states of the prices of
risk will result in the following state dependence of equation 6:
3The reason is that, within the Ding-Engle (1994) representation, CC
￿ is replaced with
H0 ￿(11￿-aa￿-bb￿),wh e r e H0 is the unconditional covariance matrix and 1 is a vector of
ones.
15R￿+1 = (α(￿￿) +) ￿￿(￿￿) · ￿￿￿(R￿+1￿￿ ￿￿￿+1|Ψ￿)(￿￿−1￿￿ ￿−2￿￿￿￿￿￿ 0) +
￿￿￿ ￿(￿￿) · ￿￿￿(R￿+1￿￿ ￿￿￿￿￿ ￿￿￿￿+1|Ψ￿)(￿￿−1￿￿ ￿−2￿￿￿￿￿￿ 0) +
￿￿￿￿￿(￿￿) · ￿￿￿(R￿+1￿￿ ￿￿￿￿￿￿￿￿￿￿+1|Ψ￿)(￿￿−1￿￿ ￿−2￿￿￿￿￿￿ 0) +
ε￿+1(￿￿￿￿￿−1￿￿￿−2￿￿￿￿￿￿ 0) (6’)
where ￿￿ = 1￿2 is the latent 2-state variable at time ￿, and
ε￿+1(￿￿￿￿￿−1￿￿￿−2￿￿￿￿￿￿ 0) ∼ ￿(0￿H￿+1(￿￿−1￿￿ ￿−2￿￿￿￿￿￿ 0)). We have added in
parenthesis a 9 × 1 vector α(￿￿) which contains the asset speciﬁc switching
intercepts that will be introduced in the second part of our analysis. Notice
that the states of the prices of risk and intercepts are appropriately lagged
by one period with respect to the realized returns. Likewise, the diagonal
BEKK representation (equation 7) of the multivariate GARCH(1,1) has, of
course, the state dependence of the above conditional covariance terms:





￿(￿￿−1￿￿ ￿−2￿￿￿￿￿￿ 0) + bb
￿ ￿ H￿(￿￿−2￿￿￿￿￿￿ 0) (7’)
Before we can proceed with estimation of the system, this perfect or
"inﬁnite" memory of past states must be handled. Hamilton and Susmel
(1994) and Cai (1994) essentially argue that regime switching GARCH mod-
els are intractable and impossible to estimate with suﬃcient precision. In
fact, researchers have often avoided the problem of inﬁnite GARCH memory
by instead specifying a switching ARCH. Note, however, that a switching
ARCH-in-mean has the same inﬁnite memory as a switching GARCH-in-
mean, eﬀectively closing this (in any case unsatisfactory) avenue for us. Re-
cently a number of authors have attacked the problem of switching GARCH
processes by devising approximation techniques that remove or shorten the
memory. Gray (1996), in a pioneering work on switching univariate GARCH
processes, proposes to remove the historical state (or path) dependence by
16aggregating over all possible regimes at every point in time. The con-
ditional variance will then only depend on the current regime. Dueker
(1997), also estimating a switching univariate GARCH, only has to account
for the two most recent state dependent variances after averaging out the
preceding ones, following an approach by Kim (1994). A related averag-
ing technique has been applied in the estimation of switching multivariate
(G)ARCH-in-mean (CAPM) models, with switching of diﬀerent model pa-
rameters: Bekaert and Harvey (1995: 2-state bivariate BEKK ARCH(3)-
in-mean international CAPM without currency risk); Santos (1999: 3-state
bivariate BEKK GARCH(1,1)-in-mean domestic CAPM); Cappiello (1999,
2000: 2-state 4-variate Ding-Engle GARCH(1,1)-in-mean domestic CAPM);
and Cappiello and Fearnley (2000: 2-state 6-variate BEKK GARCH(1,1)-in-
mean international CAPM with currency risk). As noted by the latter, the
estimation becomes increasingly diﬃcult as model dimensionality (number
of assets) and number of parameters grow with assets, pricing factors, and
complexity of the multivariate GARCH representation.
We propose a modiﬁed version of the averaging methodology of Bekaert
and Harvey (1995). Our novel method thus diﬀers from the one used by
Santos (1999), Cappiello (1999, 2000), and Cappiello and Fearnley (2000),
who employ the original method of Bekaert and Harvey. The latter ap-
proach, which relies on the regime switching algorithm of Hamilton (1988,
1989, 1990, 1994), uses the ex ante probability of being in regime ￿￿−1 = ￿
(￿ = 1￿2) as weight when calculating a weighted average (state independent)
￿ H￿+1 of the state dependent conditional covariance matrix H￿+1. Since the
averaging is done period by period, H￿+1 will only depend on the state ￿￿−1
of the prices of risk when the average is calculated. All preceding states
(￿￿−2￿￿￿￿￿￿ 0), on which the autoregressive term H￿(￿￿−2￿￿￿￿￿￿ 0) normally
depends, have already been averaged out.
Instead of using the ex ante probability of being in regime ￿￿−1 = ￿
(￿ =1 ￿2), we use the so-called ﬁlter probability, which is based on new
information. Hence, compared to Bekaert and Harvey, we use an updated
probability, since new information is available in the GARCH-in-mean (inter-
national) CAPM. The reason is that the state dependent covariance matrix,
which is averaged out, is a function of lagged state dependent error terms,
given the GARCH formulation. The ﬁlter probability associated with these
lagged error terms is available when the average is computed. We now de-
scribe this procedure, and the underlying regime switching model, in more
detail.
Following Hamilton (1988, 1989, 1990, 1994), we assume the existence of
a latent stochastic variable ￿￿ that governs the regime switching. Postulating
17the existence of two distinct regimes, this stochastic variable is assumed to
switch according to a 2-state Markov chain with constant transition proba-
bilities ￿ and ￿:
￿ (￿￿ =1 |￿￿−1 = 1) = ￿￿ ￿ (￿￿ =1 |￿￿−1 =2 )=1− ￿￿
￿ (￿￿ =2 |￿￿−1 =1 )=1− ￿￿ ￿ (￿￿ =2 |￿￿−1 =2 )=￿￿
(9)
Using Hamilton’s deﬁnitions, the ﬁlter probability ￿(￿￿ =1 |Ψ￿;θ) is the
probability of being in state ￿ =1at time ￿, conditioned on information
available at this time (θ is the vector of model parameters). The ex ante
probability ￿(￿￿+1 = 1|Ψ￿;θ) is a forecast of the state (its probability) for
next period, conditioned on the same time ￿ information. These deﬁnitions
assume that the eﬀect of the switching variable is observed without a lag. In
our conditional international CAPM, however, the switching prices of risk
(and intercepts) act with a lag of one period on the observed error terms,
as seen from equation 6’. Hence, we have to wait until return information
becomes available at time ￿ +1before we can evaluate the ﬁlter probability
of being in state ￿ =1at time ￿, and the ex ante probability of being in
state ￿ =1in the next period (￿ +1 ). Notice, however, that this is entirely
a question of deﬁnition. In fact, our model could just as well have been
speciﬁed without the lagged eﬀect of the switching variables. The resulting
prices of risk (and intercepts) would then have to be interpreted accordingly,
however, by realizing that the measured state at time ￿ would in reality ap-
ply to time ￿ − 1. Whatever choice one makes has no material eﬀect on
Hamilton’s algorithm and the estimation results as long as the algorithm
is correctly executed, with proper timing. Given our model speciﬁcation
(equation 6’), with its strict adherence to the timing of a conditional (in-
ternational) CAPM, we have already made our choice clear. In that case,
purely as a matter of deﬁnition, the ﬁlter and ex ante probabilities must
be redeﬁned as, respectively, ￿(￿￿−1 = 1|Ψ￿;θ) and ￿(￿￿ =1 |Ψ￿;θ), i.e. ￿￿
must be lagged by one period.
To describe the iterative nature of the regime switching algorithm, it is
convenient to start with a state independent ￿ H￿ which has already been av-
eraged out. The ﬁlter probabilities ￿ (￿￿−1 = 1|Ψ￿;θ) and ￿ (￿￿−1 = 2|Ψ￿;θ)
are then given by:
￿ (￿￿−1 =1 |Ψ￿;θ)=
￿ (￿￿−1 = 1|Ψ￿−1;θ) ￿￿
￿
ε￿|￿￿−1 = 1, ￿ H￿;θ
￿
￿2
￿=1￿ (￿￿−1 = ￿|Ψ￿−1;θ) ￿￿
￿
ε￿|￿￿−1 = ￿, ￿ H￿;θ
￿
(10)
18￿ (￿￿−1 = 2|Ψ￿;θ) =1 − ￿ (￿￿−1 = 1|Ψ￿;θ)
where ￿￿ (·) is the regime dependent conditional multivariate Gaussian den-
sity, and ε￿(￿￿−1) is the vector of residuals from equation 6’, with covariances
replaced by the probability-weighted averages ( ￿ ￿￿￿):
R￿ = (α(￿￿−1) +) ￿￿(￿￿−1) · ￿ ￿￿￿(R￿￿￿ ￿￿￿|Ψ￿−1) +
￿￿￿ ￿(￿￿−1) · ￿ ￿￿￿(R￿￿￿ ￿￿￿￿￿￿￿￿￿|Ψ￿−1) +
￿￿￿￿￿(￿￿−1) · ￿ ￿￿￿(R￿￿￿￿￿￿￿￿￿￿￿￿￿|Ψ￿−1) + ε￿(￿￿−1) (6”)
The ex ante probabilities (forecast) for period ￿ depends on the ﬁlter
probabilities and the Markov transition probabilities:
￿ (￿￿ =1 |Ψ￿;θ) = ￿￿(￿￿−1 =1 |Ψ￿;θ)+( 1− ￿) ￿ (￿￿−1 = 2|Ψ￿;θ)
(11)
￿ (￿￿ =2 |Ψ￿;θ)=1 − ￿ (￿￿ =1 |Ψ￿;θ)
Given new information at time ￿+1, ￿ H￿+2 can then be calculated using the
available ﬁlter probability ￿ (￿￿ =1 |Ψ￿+1;θ) as weight:
￿ H￿+2 = ￿ (￿￿ =1 |Ψ￿+1;θ) H￿+2(ε￿+1(￿￿)|￿￿ = 1, ￿ H￿+1) +
(1 − ￿ (￿￿ =1 |Ψ￿+1;θ)) H￿+2(ε￿+1(￿￿)|￿￿ = 2, ￿ H￿+1) (12)
19By using the ﬁlter probability ￿ (￿￿ =1 |Ψ￿+1;θ) rather than the ex ante
probability ￿ (￿￿ =1 |Ψ￿;θ), we use all available information (Ψ￿+1) instead
of the one period older (smaller) information set Ψ￿.
To estimate the vector θ of unknown parameters, we use the Quasi Maxi-
mum Likelihood (QML) method of Bollerslev and Wooldridge (1992), which
gives standard errors of the parameters that are robust to potential depar-
ture from normality of the normalized residuals (see also Weiss 1984, 1986).
For the model without intercepts, there are 71 unknown parameters (6 prices
of risk, 45 elements of the matrix C, 18 elements of the vectors a and b, plus
the Markov transition probabilities ￿ and ￿). When adding switching inter-
cepts, the number of parameters grows by 18 (the elements of α(￿￿ = ￿),
￿ =1 ￿2), to a total of 89. The Gaussian log likelihood function ￿(θ) is
given by the logarithm of the probability-weighted average of the two state
dependent densities, summed over all observations, like in Cappiello and
Fearnley (2000).
In order to estimate a system of equations of this complexity, appropriate
starting values and optimization algorithms are essential. Our approach is
to use the estimated parameters from a corresponding non-switching model
speciﬁcation as initial starting values. These starting values are obtained
from the analysis of Fearnley (2002). Starting values for the switching pa-
rameters can be based on educated guesses about the spread around the
non-switching parameter estimates (which can be seen as mean values).
We rely on the BHHH optimization algorithm of Berndt, Hall, Hall and
Hausman (1974), which is a non-linear iterative maximization method par-
ticularly well suited for diagonal BEKK representations (Engle and Kroner
1995).
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3.1 Asset data
The data are identical to those used by Fearnley (2002), who provides a
detailed data description. The in-sample data used for estimation cover the
period 8 January 1993 to 16 February 2001 at weekly frequency, giving a
total of 424 observations (last trading day of the week) per time series. In
addition we use a separate data set of 36 weekly observations, covering 23
February to 26 October 2001, for out-of-sample portfolio tests. While the
exact choice of time period is dictated by data availability, it is in fact an
appropriate choice on theoretical grounds. Since the international CAPM
assumes friction-less capital ﬂows between countries, one should concentrate
the study on a recent period, characterized by ﬁnancial liberalization, rather
than attempting to go as far back in time as possible.
As mentioned above, the 9-variate international CAPM that we estimate
prices US, Japanese and European stocks and government bonds, two Eu-
rocurrency deposits (Yen and a European currency basket), and the World
market portfolio of stocks and government bonds. Like in Fearnley (2002)
the reference currency is USD. Returns are continuously compounded. The
riskfree rate is taken to be the weekly return on a 1-week EuroUSDd eposit,
continuously compounded. This riskfree return is subtracted from all risky
asset returns.
Weekly stock returns are calculated from USDdenominated FTSE World
total return indices (FTSE W USA, FTSE W Japan, FTSE W Europe, and
FTSE W World). These total return indices account for reinvested divi-
dends. US, Japanese, European and World government bond weekly returns
are calculated using USDdenominated Salomon World Government Bond
Indices (WGBI) incorporating all maturities above one year. The credit rat-
ings of these bonds are generally high (S&P ratings AAA, AA+, AAA- and
AAA- in October 2001, for the US, Japanese4, European and World indices,
respectively), in accordance with our needs (since international CAPM ob-
viously does not price credit risk).
In order to calculate the return on the World market portfolio of stocks
and government bonds, we need weekly market capitalization weights of the
World stocks and government bonds. A weekly time series for the market
capitalization (in USD) of the World stock market is publicly available from
the FTSE W World index. This is not the case for the Salomon WGBI
4The S&P rating of Japanese sovereign debt dropped from AAA to AA+ in February
2001.
21government bond indices, however (only monthly market capitalizations are
publicly available). Schroder Salomon Smith Barney has therefore gener-
ously custom made weekly market cap indices for us, for the World govern-
ment bond market, as well as the US, Japanese and European markets. The
continuously compounded return on the World market portfolio of stocks
and government bonds is then readily calculated.
The weekly USDdenominated return on 1-week EuroYen deposits is the
sum of two continuously compounded returns: the weekly Yen-denominated
return on the 1-week EuroYen deposit, and the weekly return on the USD/Yen
exchange rate. For Europe, on the other hand, a currency basket must be
deﬁned. We choose to construct our own currency basket in order to get a
currency exposure which matches reasonably well with that of the European
stock or government bond market. Hence, like Fearnley (2002), we design
a currency basket of seven currencies: British pounds, French francs, Ger-
man marks, Dutch guilder, Swiss francs, Italian lira and Spanish pesetas.
To calculate a weekly USDdenominated return on this currency basket,
we ﬁrst calculate the individual USDdenominated 1-week Eurocurrency de-
posit returns, using available exchange rate time series, and then decide on a
weighting scheme. We choose to emphasize the currency exposure in the Eu-
ropean stock market, i.e. we use the relative market capitalization weights
of the seven stock markets when calculating the continuously compounded
portfolio return on the currency basket. The European CUrrency Basket will
be denoted ECUB throughout this paper.
Detailed descriptive statistics and time series properties of the asset
data are given in Fearnley (2002); we only summarize the most important
characteristics here. All return distributions, with the exception the World
market portfolio, exhibit skewness at the 1% signiﬁcance level. Moreover,
all distributions, except that of the European bond returns, deviate from
normality at the 1% signiﬁcance level, according to the Jarque-Bera test.
Augmented Dickey-Fuller tests show that the null hypothesis of unit root
(non-stationarity) is rejected at the 1% level for all return distributions.
Squared excess returns exhibit signiﬁcant (1% level) autocorrelation up to
36 lags, as evidenced by the Ljung-Box test statistics. This is indicative of
volatility clustering, which the GARCH model is meant to capture. Finally,
there are a number of signiﬁcant unconditional correlations between squared
excess returns. Such correlations provide a rough measure of contempora-
neous volatility spillovers across markets, and are, as already mentioned,
not explicitly modelled by a diagonal BEKK representation of the multi-
variate GARCH. The correlations are particularly large between Japanese
bonds and EuroYen deposits, and between European bonds and EuroECUB
deposits, reﬂecting the sensitivity of bond returns (yield curve) to short
22interest rates. As expected, correlations are also large between major com-
ponents of the World market portfolio, especially US and European stocks,
and the World market portfolio itself. These results show that, ideally, one
should use a multivariate GARCH representation that is more general than
the diagonal BEKK.
3.2 Instrument data
Exogenous information variables are only used to check if they can explain
the estimated residuals. Signiﬁcant explanatory power would indicate mis-
speciﬁcation of the model. For these checks we use the common business
cycle variables listed in Section 1, or minor variations of these, like in Fearn-
ley (2002). The variables are: i) the (weekly) change in the World dividend
yield; ii) the change in the World dividend yield in excess of the US risk-
free rate; iii) the change in the US riskfree rate; iv) the change in the US
term premium; and v) the change in the US default spread, where "change"
means ﬁrst diﬀerence, in percentage points. These variables have been cho-
sen on the basis of being stationary (we reject the null hypothesis of unit root
at 1% signiﬁcance level), and having low mutual unconditional correlations
when grouped into the following ﬁve (overlapping) sets (ﬁrst diﬀerences are
here denoted ∆): 1) ∆(World dividend yield), ∆(US term premium), ∆(US
default spread); 2) ∆(World dividend yield), ∆(US risk free rate), ∆(US de-
fault spread); 3) ∆(World dividend yield in excess of US risk free rate) and
∆(US default spread); 4) ∆(US term premium) and ∆(US default spread);
and 5) ∆(US risk free rate) and ∆(US default spread). All sets include a
constant term.
A weekly time series for the annualized World dividend yield is provided
by FTSE and linked to its FTSE W World stock market index. To calculate
the World dividend yield in excess of the US risk free rate, we subtract the
annualized 1-week EuroUSDdeposit rate from the World dividend yield.
The US term premium is deﬁned as the yield diﬀerence between the US
10-year Treasury bond and the US riskfree rate (annualized 1-week EuroUSD
deposit rate). A weekly time series for the US 10-year Treasury yield is
obtained from Datastream.
We deﬁne the US default spread as the yield diﬀerence between US B2-
rated bonds (Moody’s highest rating of "junk" bonds) and US 10-year Trea-
suries. A weekly time series for this spread is extracted from Bloomberg.
234 Estimation results
4.1 International CAPM with regime switching prices of risk
The estimated parameters for the model speciﬁcation without intercepts
are listed in Table 1 (the 45 elements of the matrix C are not presented,
since their values are of little interest). The ARCH/GARCH parameters
￿￿ and ￿￿ are seen to be estimated with high precision. This is also the




￿ ) and the




￿￿￿￿), whose t-values exceed 4, 7, 4 and
3, respectively. The high t-values of the price of ECUB risk in its two
states contrast with the low t-value (￿ 1) of this price in the corresponding
non-switching analysis of Fearnley (2002). The Markov probabilities ￿ and ￿
have small standard errors, and are consequently several standard deviations
away from the regime trapping value of unity. Hence, the results strongly
indicate the existence of two distinct regimes.
The covariance process ￿ H￿ is stationary, since it is found to satisfy the
stationarity condition ￿￿￿￿ = ￿￿￿￿ + ￿￿￿￿ ￿ 1￿∀￿￿￿, where ￿￿￿￿ is the decay or
persistence parameter (Bollerslev 1986)5.
The key result, however, is that the price of market risk is signiﬁcantly
negative in one of its states (￿
(1)
￿ ). The extent to which the international
CAPM is violated depends on the probability of being in this negative state
(￿ = 1). The price of market risk is, after all, a probability-weighted average
of the two states. The probability of being in state 1 at time ￿ (￿￿ =1 ) is best
evaluated by the smoothed probability, which can be calculated iteratively
from the full sample of estimated ex ante and ﬁlter probabilities, using an
algorithm developed by Kim (1994) (see Cappiello and Fearnley 2000). De-
noting the smoothed probability ￿ (￿￿ =1 |Ψ￿;θ), the probability-weighted
average of the price of market risk is given by:
￿ ￿￿￿￿ = ￿ (￿￿ =1 |Ψ￿;θ) ￿
(1)
￿ +( 1 −￿ (￿￿ =1 |Ψ￿;θ)) ￿
(2)
￿ (13)
5In fact, Engle and Kroner (1995) showthat for the diagonal BEKK representation of
GARCH(1,1) to be stationary, it is necessary and suﬃcient that ￿2
￿ +￿2
￿ ￿ 1￿∀￿. Clearly, if
the Bollerslev (1986) condition ￿￿￿￿+￿￿￿￿ ￿ 1￿∀￿￿￿ is satisﬁed, the Engle-Kroner condition
for the diagonal BEKK is also satisﬁed. We have calculated the Bollerslev condition,
since it is widely used in the literature, also for diagonal GARCH representations. Still,
it should be noted that this condition is too strict for a diagonal BEKK, for which the
Engle-Kroner condition is the appropriate one. Of course, this is only of academic interest
as long as the Bollerslev condition is satisﬁed.
24This time varying price of market risk is shown in Figure 1 at weekly fre-
quency, as well as smoothed (13-week, i.e. quarterly rolling average, and
Hodrick-Prescott ﬁltered) and overall mean value. (Also shown is the time
varying price of ECUB risk, ￿ γ￿￿￿￿￿￿, calculated in the same way.) The price
of market risk, which is seen to be highly volatile, is frequently negative, of-
ten reaching -22 (when ￿ (￿￿ =1 |Ψ￿;θ) ≈ 1). The mean value is 12.01.
Since the negative state ￿
(1)
￿ is signiﬁcantly diﬀerent from zero, these results
signify a clear rejection of the international CAPM in its present speciﬁca-
tion, at least at a weekly frequency. Figure 1 shows that even the 13-week
rolling average is sometimes negative. With the exception of a 3-month
period in spring 1998, the Hodrick-Prescott (H-P) smoothed curve is in pos-
itive territory. However, the smoothness of the H-P curve depends on the
somewhat arbitrary choice for smoothing parameter of the H-P algorithm,
making this curve an inadequate measure of the validity of the international
CAPM6. We must conclude that the international CAPM is also violated
"on the (rolling) average", unless the rolling window is very wide (the 1-year
rolling average is consistently positive).
Before moving on to the next model speciﬁcation with intercepts, we will
study a bit closer the current speciﬁcation, concentrating on hypothesis and
speciﬁcation tests, and a comparison with the non-switching, zero-intercept
analysis of Fearnley (2002). Such comparison should indicate whether the
two types of analyses yield broadly consistent results.
Table 2 shows the results of various Wald hypothesis tests. First we
test the null hypotheses that either of the Markov probabilities ￿ and ￿ are
equal to one. As mentioned, if either of them (or both) have unit value, the
corresponding regime(s) is (are) permanent, eﬀectively ruling out switching
between distinct regimes. We reject at the 1% signiﬁcance level these null
hypotheses. Next we test the three null hypotheses that the prices of risk
in the two regimes are identical, i.e. that the separation between states has
"collapsed". We reject this null at the 1% signiﬁcance level for the prices of
market and ECUB risk, but not for the price of Yen risk at any conventional
signiﬁcance level. These results provide strong evidence for the existence of
two separate regimes for the prices of market and ECUB risk. We proceed to
test the null hypothesis that the lower state of the price of market risk (￿
(1)
￿ )
is equal to zero (or slightly positive), a proposition that would "rescue" the
international CAPM. However, this null is rejected at the 1% level. We then
test the null hypotheses that each of the three prices of risk are equal to
zero in both states. These nulls are rejected at the 1% signiﬁcance level for
6If we instead of using a standard (suggested) smoothing parameter value for monthly
and weekly data use a much smaller value, the smoothed curve goes negative frequently.
25the prices of market and ECUB risk, but not for the price of Yen risk at any
conventional signiﬁcance level. We also test the null hypothesis that the two
prices of currency risk are jointly equal to zero in both states, a null that
is rejected at the 1% level. This result is noteworthy, since the latter null
hypothesis could not be rejected in the non-switching analysis of Fearnley
(2002). Finally we test the null that all prices of risk are jointly equal to
zero in both states. This null is rejected at the 1% signiﬁcance level.
In essence, these Wald hypothesis results show that the rejection of the
international CAPM in its current form is exclusively related to the statis-
tically signiﬁcant violation of the non-negativity restriction of the price of
market risk, when not considering the properties of the residuals. All other
risk price criteria are in fact satisﬁed: the market risk and one of the cur-
rency risks are individually priced; the currency risks are jointly priced; and
all risks are jointly priced.
We now turn to the time series properties and potential information
content of the probability-weighted residuals, presented in Table 3. Like the
probability-weighted average prices of risk, these weighted average residuals
are calculated using the smoothed probabilities:
￿ ε￿ = ￿ (￿￿−1 =1 |Ψ￿;θ) ε￿(￿￿−1 = 1)+(1−￿ (￿￿−1 =1 |Ψ￿;θ)) ε￿(￿￿−1 = 2)
(14)
where ε￿(￿￿−1) is the 9 × 1 vector of state dependent residuals from equa-
tion 6”. Table 3 Panel A reports distributional statistics for the normalized
probability weighted residuals, where the normalization is done by dividing
the residuals ￿ ￿￿￿￿ with the probability-weighted standard deviations
￿
￿ ￿￿￿￿￿,
￿ = 1￿￿￿￿￿9￿ The main results are: i) The mean value (in percentage points)
of normalized Japanese stock residuals is shifted signiﬁcantly away from zero
(-0.092). A similar shift, of the same magnitude, is found by Fearnley (2002)
in his non-switching analysis of the same data. It shows that the expected
excess returns are biased towards too high values by, on average, almost
0.1 percentage points weekly return. Hence the model fails to capture the
weakness of the Japanese stock market; ii) Japanese bond, EuroYen and Eu-
roECUB residuals show signiﬁcant deviations from normality, as evidenced
by the Jarque-Bera normality test statistics (1%, 1% and 5% signiﬁcance
levels, respectively), and corroborated by signiﬁcant excess kurtosis. This
is an improvement over the non-switching analysis of Fearnley (2002), in
which the residuals of six of the nine assets exhibit signiﬁcant deviation
26from normality, according to the Jarque-Bera test. This suggests that our
regime switching is able to capture some of these deviations; and iii) There
is signiﬁcant (5% level) autocorrelation in the squared normalized residuals
of Japanese bonds. This shows that the multivariate GARCH(1,1) fails, for
this asset only, to purge the squared residuals of the observed autocorrela-
tion in the squared excess returns (linked to volatility clustering), reported
in Fearnley (2002). For the other six assets exhibiting autocorrelation in the
squared excess returns (see Fearnley 2002), the GARCH(1,1) model success-
fully captures the phenomenon.
In a second type of speciﬁcation tests, we check whether the probability-
weighted residuals (non-normalized) can be explained by chosen sets of infor-
mation variables (instruments) related to the business cycle. Any explana-
tory power would be indicative of mis-speciﬁcation of the mean equations,
notably missing information variables (other factors?). The ﬁve overlapping
sets of information variables have been described in Section 3.2. For each
residual we run ﬁve regressions, on each of the ﬁve sets, and Wald test the
null hypothesis that the information variables in a particular set have no
explanatory power, i.e. that all regression coeﬃcients (excluding the coef-
ﬁcient  0 of the constant term) are jointly equal to zero. The results are
presented in Table 3 Panel B, where explanatory power at the 5% signiﬁ-
cance level is marked with a star, and p-values are shown in parentheses.
The Japanese assets are seen to stand out, insofar as some of the information
sets have signiﬁcant explanatory power for the residuals of Japanese stocks
and bonds, and EuroYen deposits. The picture is essentially the same in the
non-switching analysis of Fearnley (2002).
Finally we compare the probability-weighted price of market risk and
expected excess returns with those estimated by Fearnley (2002). Figure 2
shows the price of market risk compared with four diﬀerent non-switching es-
timates of Fearnley (constant prices of risk; time varying price of market risk
through exogenous information variable; time varying price of market risk
through exogenous information variable and a level shift in all prices of risk;
and time varying price of market risk through endogenous information vari-
able and a level shift in all prices of risk). All curves have been smoothed by
Hodrick-Prescott ﬁltering in order to facilitate the comparison. Our regime
switching price of market risk exhibits much richer structure, although levels
are very similar. We will not attempt to interpret all the peaks and valleys,
since, after all, we suspect that our model speciﬁcation is inadequate. In
fact the pattern deﬁes easy interpretation. For instance, the price of mar-
ket risk appears to peak well in advance of the onset of the Asian crisis in
summer/autumn 1997. Of much greater interest is the fact that our analysis
appears to be picking up the same trends as the Fearnley (2002) analysis.
27First, recall that the mean value of our price of market risk is 12.01, which
is very close to the average values obtained by Fearnley in his level shift-
ing model speciﬁcations. Secondly, Fearnley identiﬁes a drop (level shift) in
the price of market risk in early 1998, apparent in Figure 2. He reports an
average price of market risk of 14.85 (16.28) before January 1998 and 7.53
(4.76) after (the numbers depend on whether an exogenous or endogenous
information variable is used). Our analysis shows a much more dramatic
but temporary drop, starting late summer 1997, but bottoming out below
zero in spring 1998 and rising thereafter. Before and after January 1998 our
price of market risk is, on average 14.37 and 8.27, respectively. These results
are signiﬁcant because they reveal a broad consistency of results despite the
greater sensitivity of the switching analysis, enhancing the credibility and
robustness of our methodology.
Figure 3 shows Hodrick-Prescott smoothed expected excess returns on
stocks and bonds, in our analysis (fat curve) and in the non-switching analy-
sis of Fearnley (thin curves). An interesting observation is that our switching
analysis is generally in better agreement with those model speciﬁcations of
Fearnley which do not incorporate an exogenously determined level shift in
the prices of risk. It is also worth noticing that the expected excess return
on US stocks shows an upward trend in both analyses. Hence, none of these
analyses provide support for the view that the US bull market during the
1990’s was driven by falling expected returns. Of course, our regime switch-
ing analysis cannot disprove such a causal relationship, since the validity of
the underlying model is rejected (the non-negativity constraint for the price
of market risk is violated).
4.2 International CAPM with regime switching prices of risk and
intercepts
We now estimate equation 6” with regime switching intercepts, synchro-
nized with the switching prices of risk. The purpose is twofold: First, it is
necessary to measure the size and statistical signiﬁcance of intercepts for a
complete test of (international) CAPM. Secondly, it is conceivable that the
large swings of the price of market risk into negative territory, discussed in
the previous section, is caused by mis-speciﬁcation of the model, notably
missing factors which might be proxied by time varying intercepts. Hence
we want to test if intercepts are able to absorb (remove) this anomaly, and
if the international CAPM factors (market and currency risk premia) might
be valid when accompanied by other unknown factors which are proxied by
the time varying intercepts.
284.2.1 Estimation results
The estimated values of the model parameters (except the 45 elements of
the matrix C) are listed in Table 4, where α(1) and α(2) are the 9 × 1 vec-
tors of intercepts in regime ￿￿ =1and ￿￿ =2 , respectively (in units of
percentage points weekly return). The ARCH/GARCH parameters ￿￿ and
￿￿ are, again, estimated with high precision. They satisfy the Bollerslev
(1986) condition for stationarity of the covariance matrix: ￿￿￿￿ = ￿￿￿￿ +￿￿￿￿
￿ 1￿∀￿￿￿. (Hence they also satisfy the Engle-Kroner (1995) stationarity
condition ￿2
￿ + ￿2
￿ ￿ 1￿∀￿, for a diagonal BEKK representation of the con-
ditional covariance matrix.) Interestingly, the intercepts in state ￿￿ = 1 are
all negative and seven of them are highly signiﬁcant, with t-values in excess
of 2. In state ￿￿ =2 , six of the intercepts are positive, and three are sig-
niﬁcantly diﬀerent from zero. The price of market risk in regime ￿￿ =1is
still negative (-4.24), but much less so than in the previous non-intercept
speciﬁcation, and, crucially, not signiﬁcantly diﬀerent from zero. In regime
￿￿ =2the price of market risk is 23.23, measured with satisfactory precision
(t-value: 2.83), and down from 38.25 in the previous model speciﬁcation.
Hence there are two important observations: i) The intercepts are, for most
assets7, negative in the low risk aversion states, and positive in the high
risk aversion states. Said diﬀerently, investors tend to adjust down (up)
the expected return relative to "fair" international CAPM value when their
risk aversion is low (high); ii) The intercepts absorb the most extreme values
of the price of market risk (and ECUB risk) and its signiﬁcant swings into
negative territory.
The prices of currency risk are not signiﬁcantly diﬀerent from zero in
either regime. The Markov transition probabilities ￿ and ￿ are measured
with very high precision, being roughly 12 and 6 standard deviations away
from unity, respectively (where regimes are permanently trapped). Based on
these probabilities one can calculate the expected duration of each regime
(in units of weeks), conditional on reaching either of them. The expected
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7The exceptions are European stocks and bonds, and EuroECUB deposits, for which
the intercepts are negative in both states.
29Hence the regimes are relatively short-lived. This will be reﬂected in the
high-frequency oscillations of the switching variables (see Sections 4.2.3 and
4.2.4).
4.2.2 Hypothesis tests
Table 5 shows the results of key Wald hypothesis tests. The null hypotheses
that the Markov probabilities are individually equal to one are clearly re-
jected at the 1% signiﬁcance level. The null hypothesis that the two states
of the price of market risk are identical (collapsed into one state) cannot be
rejected at the 5% level; it can, however, be rejected at the 10% level. The
same null for the two prices of currency risk cannot be rejected at any con-
ventional signiﬁcance level. As one of the major result, the null hypothesis
that the lower state of the price of market risk (￿
(1)
￿ ) is zero (or slightly pos-
itive) cannot be rejected; in fact, the p-value is fully 0.7380. Moreover, the
null hypothesis that the price of market risk is jointly equal to zero in both
regimes, i.e. that market risk is not priced, is rejected at the 5% signiﬁcance
level. The same null for either price of currency risk cannot be rejected,
however (it can be rejected at the 20% level for ECUB risk). Neither can we
reject the null that the two prices of currency risk are jointly equal to zero
in both regimes. As another key result, the null hypothesis that all prices
of risk are jointly equal to zero in both regimes (i.e. that none of the risks
are priced) is rejected at the 1% signiﬁcance level. Finally, we test the sig-
niﬁcance of the intercepts. The null hypothesis that all intercepts are jointly
equal to zero in both states (i.e. that intercepts can be completely omitted) is
rejected at the 1% signiﬁcance level. As for individual (asset-speciﬁc) inter-
cepts, the null hypothesis that the intercept is zero in both states (i.e. that
there is no intercept term) is rejected for all assets at the 1% (or 5%) level,
except for European stocks, for which it is only rejected at the 10% level.
To summarize the main results: i) We reject the null hypothesis that the
price of market risk is not priced; ii) We cannot reject the null hypothesis
that the price of market risk is non-negative; iii) We reject the null hypoth-
esis that neither market nor currency risks are priced; and iv) We reject the
null hypothesis that all intercepts are jointly equal to zero. These results
have an interesting interpretation. It appears that the international CAPM
terms are validated, although currency risk is not signiﬁcantly priced8.H o w -
8The fact that currency risk is not signiﬁcantly priced does not necessarily invalidate
the international CAPM. Since the prices of currency risk can have any sign and magni-
tude, they may also be close to zero. However, it may be diﬃcult to reconcile the result
that both the prices of Yen risk and ECUB risk are close to zero with the requirement that
the US risk tolerance be positive in both regimes; see equations 2 and 3, which eﬀectively
constrain the possible outcomes of the prices of currency risk, given the estimated price
of market risk.
30ever for all assets but European stocks, there are other, unidentiﬁed, sig-
niﬁcant pricing terms besides the international CAPM terms, captured by
the time varying intercepts. These intercept terms could conceivably be
intertemporal hedging premia, resulting from a time varying investment op-
portunity set and underlying state variables (Merton 1973), or they could
represent other priced risk factors as, for instance, postulated in the in-
ternational factor model of Fama and French (1998). A more speculative
hypothesis is that the intercepts are picking up "irrational" (under and over-
shooting) deviations from "fair price". When investors are highly risk averse,
these intercept terms are found to contribute positively to expected excess
returns on most assets. Conversely, when investors are less risk averse, the
intercepts contribute negatively to expected excess returns.
Given the statistically signiﬁcant intercepts, our results amount to a re-
jection at the 1% signiﬁcance level of the international CAPM in its current
form (diagonal BEKK GARCH(1,1)-in-mean with synchronously switching
prices of risk according to a 2-state Markov chain with constant transition
probabilities).
Notice that our results are generally in line with empirical work by
Dahlquist and Sallstrom (2002), who ﬁnd (using GMM estimation) that
market risk and currency risk are jointly signiﬁcantly priced within a condi-
tional version of the international CAPM of Adler and Dumas (1983), but
that the intercept term is statistically signiﬁcant.
Fearnley (2002), who tests four (non-switching) model speciﬁcations with-
out intercepts, ﬁnds support for the international CAPM up until January
1998, but insuﬃcient support thereafter. Hence, for the sample period as a
whole, he rejects the international CAPM as speciﬁed. This sample-wide re-
jection is corroborated by our analysis. However, we reject the international
CAPM because of the presence of signiﬁcant intercept terms, not because of
invalidated international CAPM terms like in Fearnley (2002). The irony is
that the intercept terms "rescue" the international CAPM terms, but "kill"
the international CAPM.
4.2.3 The price of market risk
The probability-weighted price of market risk (equation 13) is shown in Fig-
ure 4, again at weekly frequency, smoothed (13-week rolling average and
Hodrick-Prescott ﬁltered), and mean value. The mean value is now 10.90,
down from 12.01 in the previous model speciﬁcation without intercepts. The
13-week rolling average is almost always positive, while the Hodrick-Prescott
smoothed price is consistently positive. The price of market risk, highly
volatile, exhibits some noteworthy structure. It is unusually low throughout
31spring/summer 1996, a period when the Federal Reserve got increasingly
concerned about the possible development of a stock market bubble, culmi-
nating with Mr. Greenspan’s famous warning of "irrational exuberance" on
5 December 1996. However, the price of market risk starts rising in August
1996, stays high, and peaks in summer 1997, at the onset of the Asian crisis.
Oddly, it tends to fall in the autumn of 1997, in the midst of the Asian crisis.
It bottoms out around April 1998 and then starts a new climb. During the
Russian liquidity crisis in August 1998 (default on 17 August), the LTCM
collapse on 23 September, and the Malaysian imposition of foreign exchange
controls the same month, the price of market risk is on the rise, but not yet
peaking. The peak of the Hodrick-Prescott smoothed curve is reached in
July 1999. It is followed by another, but lower peak in autumn 2000, the
time of bursting IT and telecom stock bubbles.
It is thus hard to discern clear signals at the exact time of speciﬁc crises.
This may partly be due to the high volatility which drowns particular signals
in "noise". Another, more speculative interpretation is that risk aversion
tends to lead some of the events, or (gradually) cause them, rather than the
reverse.
Moreover, it is diﬃcult to directly relate the high volatility of the (global
average) price of market risk, or risk aversion, to business cycles (see discus-
sion in Section 1). Even for the smoothed curve, the peaks and valleys are
too close in time to coincide with regional booms and recessions. One expla-
nation might be that our time window is too narrow, i.e. that we are simply
observing smaller oscillations superimposed on larger "waves". Note that
the price of market risk exhibits high volatility also when it is modelled by
means of exogenous (or endogenous) information variables (Fearnley 2002).
In Figure 5 we compare the probability-weighted price of market risk
obtained with the current and with the previous (no intercepts) model spec-
iﬁcation. To facilitate the comparison, Hodrick-Prescott smoothed prices
are shown. One notices that the eﬀect of the intercepts is to dampen the
oscillations of the price, by eﬀectively absorbing the extremes. This makes
the drop in 1998 much less dramatic. Otherwise the patterns are largely
similar.
4.2.4 Expected excess returns
The probability-weighted expected excess returns are shown in Figure 6, at
weekly frequency and Hodrick-Prescott smoothed (weekly returns, in per-
cent). The weights are again the smoothed probabilities, i.e. the probability-
weighted expected excess returns are given by R￿ −￿ ε￿, where R￿ is the 9×1
32vector of realized excess returns. One notices that these expected excess
returns are frequently negative, which is primarily due to the negativity of
the intercepts in state ￿￿ =1 . The smoothed expected excess returns are
positive for US, European and World stocks, except during the ﬁrst half of
1996. Bonds and Eurocurrency deposits, however, show no such restraint.
Although (international) CAPM does not require expected excess returns
to be uniformly positive9, the negative values seen in these markets violate
international CAPM, since they are almost entirely caused by the intercepts.
This is illustrated in Figure 7, where we have decomposed the probability-
weighted expected excess returns into their constituent international CAPM
component (the sum of market and currency risk premia) and intercept
component. The components and their sum have been Hodrick-Prescott
smoothed. One will notice that the intercept component consistently pulls
down the expected excess return for all nine assets. Moreover, with the
exception of US and European stocks, its magnitude is comparable to that
of the international CAPM component (but the sign is opposite). Hence,
for most of the assets the international CAPM explains, very roughly, only
about half of the expected excess returns. The international CAPM com-
ponent is, when smoothed, always positive (although it is brieﬂy zero for
US bonds in 1998). The particularly low (negative) expected excess stock
returns in 1996 (the year the Fed got worried!) are therefore, according to
this analysis, generated by the intercepts, or unidentiﬁed factors.
Figure 8 compares the probability-weighted expected excess returns with
those obtained from our previous analysis without intercepts (Section 4.1).
The main eﬀect of the intercepts is to enhance the oscillations. Expected
excess stock market returns in 1996, for instance, plunge and turn negative
when adding intercepts. This happens despite the intercepts’ attenuating
eﬀect on the price of market risk, and reﬂects the relatively stronger oscil-
lations of the intercepts compared with those of the international CAPM
terms (this is also apparent from Figure 7). Hence our analysis suggests
that the international CAPM terms have a somewhat stabilizing eﬀect on
otherwise volatile market expectations, captured by the intercepts.
9In a conditional international CAPM, the conditional expected excess return on an
asset is negative if the conditional correlation with the World market portfolio is negative,
and/or if (some of) the currency risk premia are negative and contribute to such degree
that the sum of market and currency risk premia is negative. In a conditional domestic
CAPM, it is necessary and suﬃcient that the conditional correlation with the domestic
market portfolio is negative.
334.2.5 Speciﬁcation tests
Like in the previous zero-intercept analysis, we ﬁrst study the distributional
and time series properties of the normalized probability-weighted residuals
￿ $￿￿￿ = ￿ ￿￿￿￿%
￿
￿ ￿￿￿￿￿, ￿ = 1￿￿￿￿￿9, presented in Table 6 Panel A. One will no-
tice that: i) The mean value of the normalized Japanese stock residuals is
now much closer to zero (-0.048). Recall that the mean value was -0.092 in
the previous zero-intercept analysis, and of similar magnitude in Fearnley
(2002). In Cappiello and Fearnley (2000) the deviation is even larger. With
our switching intercept speciﬁcation, this stubbornly large deviation is ﬁ-
nally, to some extent, captured and understood in terms of missing factors
proxied by a time varying intercept. This is a signiﬁcant result, because it
shows that our model comes close to describing the weakness of the Japanese
stock market (-2.99% annualized excess return during the in-sample period);
ii) Japanese bond and EuroYen residuals still show deviations from normal-
ity at the 1% signiﬁcance level, according to the Jarque-Bera normality test
and the excess kurtosis. The good news is that the EuroECUB residuals
no longer deviate signiﬁcantly from normality; and iii) There is still sig-
niﬁcant (5% level) autocorrelation in the squared normalized residuals of
Japanese bonds. The bad news is that this is now also the case for Eu-
ropean stocks and EuroECUB deposits (1% signiﬁcance level). Hence, the
multivariate GARCH(1,1) fails to fully capture the observed autocorrela-
tion in the squared excess returns of these three assets (see Fearnley 2002
for descriptive statistics of the raw data).
Next, we check if the non-normalized probability-weighted residuals can
be explained by any of the ﬁve chosen sets of business cycle information
variables described earlier (Section 3.2). Like before we run ﬁve regressions
for each residual, on each of the ﬁve sets lagged by one period, and Wald
test the null hypothesis that the information variables in a speciﬁc set have
no explanatory power (i.e. that all regression coeﬃcients, excluding the
coeﬃcient  0 of the constant term, are jointly equal to zero). The results
are shown in Table 6 Panel B. Again we ﬁnd that some of the information
sets have signiﬁcant explanatory power for the residuals of Japanese stocks
and bonds and EuroYen deposits, indicating that the switching intercepts
are inadequate proxies for the information variables in question.
345 Portfolio implications
5.1 Universal log portfolio
The portfolio implications of the international CAPM of Adler and Dumas
(1983) are reviewed in Fearnley (2002). In the following we therefore limit
the presentation to the relevant formulas.
The optimal portfolio w￿ held by the representative investor of country




￿ = ￿￿wlog +( 1− ￿￿)w
￿
￿ (16)
where ￿ runs across the ￿ +1countries (currencies), ￿ being the number of
exchange rates, which is 2 in our analysis. wlog and w￿
￿ are (￿+1)×1 vectors
of portfolio weights, ￿ being the number of nominally risky assets excluding
the World market portfolio (i.e. US, Japanese, and European stocks and
bonds, respectively, and EuroYen and EuroECUB deposits). Hence ￿ =8 ,
and w￿, wlog and w￿
￿ are 9×1 vectors. The 9￿￿ portfolio weight is the weight
of the nominally riskless asset of the reference currency (riskless for the
investor whose home currency is the reference currency). The coeﬃcient ￿￿
is the risk tolerance of the representative investor of country ￿ (see Section
2.1). If the model is made conditional, equation 16 will hold period-by-
period. The conditional optimal portfolio is then:
w
￿
￿ = ￿￿￿￿wlog￿￿ +( 1− ￿￿￿￿)w
￿
￿￿￿ (17)
where we have allowed for time varying risk tolerance. In our notation for
the conditional covariance matrix (H￿+1, short for ￿(H￿+1|Ψ￿)) and for the
vector of expected excess returns (￿(R￿+1|Ψ￿)), the conditional log portfolio












where 1 is an ￿ ×1 vector of ones. H
−1
￿+1￿(R￿+1|Ψ￿) is the ￿ × 1 vector of
weights of the nominally risky assets, in the same order as they appear in
our model speciﬁcation. The last element of the vector wlog￿￿ is the scalar
351−1￿H
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￿+1￿(R￿+1|Ψ￿)￿ This scalar is a residual weight, which together with
the other ￿ weights sum to one. This residual is the weight of the nom-
inally riskless asset of the reference currency, which is, given that USDis
our reference currency, EuroUSDdeposits (or, more generally, 1-week USD
deposits).
If local inﬂation rates, measured in local currency, are zero or determinis-
tic, the country-speciﬁc hedge portfolio is simply the locally riskless asset of
the country ￿ investor (Solnik 1974; Sercu 1980; Adler and Dumas 1983). In
this case, often referred to as "Solnik’s special case" due to Solnik’s (1974)
assumption of zero local inﬂation as seen by local investors, all investors
invest a fraction (￿￿￿￿) of their wealth in the universal log portfolio, consist-
ing of stocks and government bonds, speculative currency deposits, and the
locally riskless asset, and the remainder (1−￿￿￿￿) in the locally riskless asset.
Recall that we have assumed zero or deterministic local inﬂation through-
out our analysis. We can therefore test whether the relative weights of the
stock and government bond part of the universally held log portfolio match
the observed market capitalization weights of the World market portfolio of
stocks and government bonds.
We have calculated the conditional log portfolio in-sample and out-of-
sample, for the model speciﬁcations with and without intercepts. In our
regime switching analysis, the conditional log portfolio is state dependent,
since H￿+1 and ￿(R￿+1|Ψ￿) are state dependent (see Section 2.3). In order
to calculate the probability-weighted conditional log portfolio, we use the
probability-weighted quantities ￿ H￿+1 and ￿ ￿(R￿+1|Ψ￿)=R￿+1 −￿ ε￿+1, where
R￿+1 is the 9 × 1 vector of realized excess returns, and the weights are













The probability-weighted conditional relative log portfolio weights of US,
Japanese and European stocks and government bonds are given by
￿ wlog￿￿[￿] %
￿
￿ ￿ wlog￿￿[￿], ￿ = 1￿￿￿￿￿6, where ￿ wlog￿￿[￿] is the portfolio weight
of asset ￿ in the estimated probability-weighted conditional log portfolio.
For each of the six assets we compare this relative weight with the true (ob-
served) time varying weight, as given by the market capitalizations of the US,
Japanese and European stock and government bond markets: w￿￿￿￿￿￿[￿]=
36MCV￿[￿] %
￿
￿MCV￿[￿], ￿ =1 ￿￿￿￿￿6, where MCV￿ is the 6 × 1 vector of
market capitalizations values in USDof the six assets at time ￿.
The in-sample and out-of-sample results for the model speciﬁcation with-
out intercepts are shown in Figure 9, where the distributions of the true
weights are presented as thin black curves. Considering the complexity of
the model and analysis, the agreement is remarkably good, especially for US
and Japanese stocks. Admittedly, the estimated weights of European stocks
are generally too high, and the estimated bond weights are too volatile. The
agreement is similar in-sample and out-of-sample. Note that the agreement
is reasonably good despite the fact that the price of market risk violates
the non-negativity constraint. The implication is that this comparison with
market data does not by itself constitute a stringent test of the interna-
tional CAPM. The agreement found here is comparable to that obtained by
Fearnley (2002) in his non-switching analysis.
The results are very diﬀerent for the model speciﬁcation with switching
intercepts. In fact, the reasonable agreement between estimated and ob-
served asset weights breaks down completely, as the estimated weights ﬂuc-
tuate wildly. This is not surprising, since the optimal portfolio, including
the universal log portfolio, is associated with the zero-intercept mean equa-
tions of international CAPM. Therefore equation 19 cannot be expected to
provide agreement with data.
To illustrate the behaviour of a typical investor, Figure 10 shows the
composition of the probability-weighted optimal portfolio ￿ w￿
￿ o faU Si n -
vestor whose risk tolerance happens to exactly equal, at every point in time,
the estimated regime switching world risk tolerance (the inverse of the es-
timated price of market risk). The results are obtained from the analysis
without intercepts. The US investor is seen to be essentially fully invested
in US, Japanese and European stocks and bonds, with the combined weight
of these assets staying close to 1. In combination with this risky position,
the investor has currency positions. He is consistently long and roughly
fully invested in the riskless asset (EuroUSDdeposits), ﬁnancing this home
currency position with an opposite short position in the risky foreign cur-
rencies (EuroYen and EuroECUB deposits). His net Eurocurrency positions
are then close to zero. These results are very similar to those obtained by
Fearnley (2002), which again indicates broad consistency between the two
diﬀerent approaches. Note, however, that the asset weights in our analysis
are generally less volatile than in Fearnley (2002).
It should be noted, however, that the observed home bias in international
capital markets eﬀectively rules out the possibility that all investors hold
37the same portfolio of risky assets, as predicted by the international CAPM
when local inﬂation is zero or deterministic. Lewis (1999) and Karolyi and
Stulz (2001), among others, discuss the problem of home bias. The latter
point out that perfect ﬁnancial market models with mean-variance optimiz-
ing investors cannot explain the phenomenon. Clearly, the home bias puzzle
confronts the international CAPM with a very serious challenge, in par-
ticular since local inﬂation rates in developed economies are fairly stable.
Hence, we stress that the approximate agreement apparent in Figure 9 is at
the aggregate World market portfolio level, and not at the national market
portfolio level.
5.2 Out-of-sample portfolio performance
We now calculate the out-of-sample total nominal (not excess) return on the
probability-weighted conditional log portfolio, with and without currency
positions. The return is compared to the realized total nominal return on a
benchmark portfolio of US, Japanese and European stocks and government
bonds, with portfolio weights given by the observed market capitalization
weights of the assets. This benchmark will be referred to as the World
market portfolio (of stocks and government bonds)10. More precisely, we
use the out-of-sample (ex ante-) probability-weighted conditional weights of
the universal log portfolio to calculate the realized portfolio returns, and
the corresponding return indices with initial value of 100, using the realized
nominal stock, bond and Eurocurrency deposit returns in the out-of-sample
period of 36 weeks (23 February to 26 October 2001). Since this is a small
number of observations, the results will necessarily suﬀer from non-negligible
statistical uncertainty.
The resulting out-of-sample nominal return indices for the full log port-
folio (including Eurocurrency positions), for both model speciﬁcations (with
and without intercepts), are shown in Figure 11. Also shown is the nominal
return index of the World market portfolio. The latter index shows a nega-
tive trend, reﬂecting the declining stock markets in all three regions in 2001,
as well as negative returns on Japanese government bonds (measured in
USD). The annualized continuously compounded return on the World mar-
ket portfolio in this period was -16.46%, with volatility of 17.67%. Notice,
however, that the return on the log portfolio is dramatically lower for both
model speciﬁcations, the model with intercepts being the worst performer.
10This portfolio of US, Japanese and European stocks and government bonds, with
their observed weights, is strictly speaking a simpliﬁed version, or subset, of the World
market portfolio of stocks and government bonds which is used as a pricing factor in the
analysis (Section 3.1). The latter portfolio includes more national stock and government
bond markets than solely US, Japanese and European.
38The collapse in portfolio value is greater than in Fearnley (2002), who traces
the value destruction to the very large currency overlay positions in the log
portfolio, which imply big bets not only on currencies, but also on stocks
and bonds. In our analysis, the currency positions, notably in EuroECUB,
turn out to be even bigger. It is therefore natural to check whether the stock
and bond part of the log portfolio performs better.
The out-of-sample nominal return on the stock and bond part of the
probability-weighted conditional log portfolio is calculated by using the
(ex ante-) probability-weighted conditional relative log portfolio weights of
the US, Japanese and European stocks and government bonds (￿ wlog￿￿[￿] % ￿
￿ ￿ wlog￿￿[￿], ￿ = 1￿￿￿￿￿6) and the realized nominal returns on these assets.
The results are shown in Figure 12, for both model speciﬁcations. For the
model without intercepts, the picture now looks very diﬀerent. While the
model still does worse than the World market portfolio, its underperfor-
mance is undramatic, and, remarkably, virtually the same as reported by
Fearnley (2002). The latter ﬁnds that the "relative weights of stocks and
government bonds are not very sensitive to the model for prices of risk".
Interestingly, his ﬁnding is thus corroborated by our analysis. The results
show that, again, it is the large currency overlay positions which cause the
severe underperformance. For the model with intercepts, on the other hand,
the performance is still poor. Clearly, while the relative weights of stocks
and bonds may not be very sensitive to the model for prices of risk, they are
evidently sensitive to switching intercepts.
To summarize, neither of the model speciﬁcations oﬀer an adequate de-
scription of the true conditional asset allocation process. Hence, the con-
clusion of Fearnley (2002) is still valid: There is "... a mismatch between
modelled and true expected excess returns and covariances, or, more fun-
damentally, between the hypothesized and true behaviour of investors...".
Moreover, neither of our model speciﬁcations "beat the market", as a pas-
sive investment strategy (buy & hold the market) still outperforms an active
strategy based on our international CAPM forecasts.
396C o n c l u s i o n s
We have estimated a multivariate conditional GARCH(1,1)-in-mean version
of the international Capital Asset Pricing Model of Adler and Dumas (1983),
with synchronously regime switching prices of market and currency risk. In
a second model speciﬁcation synchronously regime switching intercepts are
also included. Local inﬂation is assumed to be zero or deterministic. The di-
agonal BEKK representation of the multivariate GARCH(1,1) is used. Like
in Fearnley (2002), the reference currency is USD, and the priced assets are
US, Japanese and European stocks and government bonds, EuroYen and
Euro"ECUB" deposits, and the World market portfolio of stocks and gov-
ernment bonds, "ECUB" being a purpose-built European CUrrency Basket.
The in-sample data cover the period 8 January 1993 to 16 February 2001 at
weekly frequency, giving a total of 424 observations. Out-of-sample portfolio
tests are based on 36 observations from 23 February to 26 October 2001.
We assume that the regime switching is governed by a single latent ran-
dom state variable which switches between two regimes according to a 2-
state Markov chain with constant transition probabilities. The probability-
weighted switching variables can then span a continuum of values between
the two states, producing smooth time variation within a static band. To
estimate the regime switching multivariate GARCH(1,1)-in-mean, we use
Hamilton’s (1988, 1989, 1990, 1994) regime switching algorithm, while cut-
ting oﬀ the perfect, or inﬁnite memory of GARCH processes by means of
a probability-weighting averaging scheme which, as a novelty, utilizes an
updated ("ﬁlter") state probability. The analysis takes regime switching
GARCH estimation to a new level in terms of model complexity, by estimat-
ing a 9-variate diagonal BEKK GARCH(1,1)-in-mean international CAPM
with three pricing factors plus intercepts, and up to 89 unknown parameters.
When estimating the pure international CAPM (i.e. no intercepts), the
price of market risk is found to be negative in one of its states, at the
1% signiﬁcance level. The probability-weighted price of market risk, which
is highly volatile, is thus frequently negative. Even a 13-week (quarterly)
rolling average is occasionally in negative territory. These results imply a re-
jection of the international CAPM in its speciﬁed form, at least at a weekly
frequency and for moderate smoothing. Wald hypothesis tests show that all
other risk price criteria of the international CAPM are in fact satisﬁed: the
market risk and one of the currency risks (ECUB) are individually priced;
the currency risks are jointly priced; and all risks are jointly priced. More-
over, the results strongly indicate the existence of two distinct regimes for
the prices of market and ECUB risk, the Markov transition probabilities
40being several standard deviations away from the regime trapping value of
unity. Studies of the residuals reveal the following problems, however: i)
The model fails to capture the weakness of the Japanese stock market, as
evidenced by a considerable and negative shift away from zero of the mean
normalized residuals; ii) Japanese bond, EuroYen and EuroECUB residu-
als show signiﬁcant deviations from normality; iii) There is signiﬁcant (5%
level) autocorrelation in the squared normalized residuals of Japanese bonds;
and iv) A set of exogenous information variables related to the business cy-
cle have signiﬁcant explanatory power for the residuals of Japanese stocks
and bonds, and EuroYen deposits.
Compared with Fearnley (2002), who estimates a non-switching condi-
tional (GARCH(1,1)-in-mean) international CAPM using identical data, our
probability-weighted price of market risk (risk aversion) shows much richer
structure. However, the levels are very similar, and the two analyses ap-
pear to capture the same trends, in particular a signiﬁcant drop in early
1998. Our analysis reveals, however, that this drop, while dramatic, is only
temporary. Overall the comparison indicates a broad consistency of results,
despite the greater sensitivity of the switching analysis. This enhances the
robustness and credibility of our methodology.
When adding synchronously switching intercepts to the mean equations,
the picture looks very diﬀerent. First, we can no longer reject the null
hypothesis that the price of market risk, in its lower state and probability-
weighted, is non-negative (although the central value of the lower state is
negative). In fact, the intercepts absorb the most extreme values of the
price of market risk and its signiﬁcant swings into negative territory. Sec-
ondly, when the price of market risk, or risk aversion, is in its low state, the
intercepts are uniformly negative, and seven (out of nine) are signiﬁcantly
diﬀerent from zero. Likewise, when risk aversion is in the high state, six of
the intercepts are positive and three are signiﬁcantly diﬀerent from zero. In
other words, investors tend to adjust down (up) the expected return relative
to "fair" international CAPM value when their risk aversion is low (high).
Further Wald hypothesis tests show that: i) We reject the null hypothesis
that the price of market risk is not priced; ii) We reject the null hypothesis
that neither market nor currency risks are priced; and iii) We reject the null
hypothesis that all intercepts are jointly equal to zero. It thus appears that
the international CAPM terms are validated (not considering the properties
of residuals), although currency risk is not signiﬁcantly priced. However
for all assets but European stocks, there are other, unidentiﬁed, signiﬁcant
pricing terms besides the international CAPM terms, captured by the time
varying intercepts. These intercept terms could possibly be intertemporal
41hedging premia, resulting from a time varying investment opportunity set
and underlying state variables (Merton 1973), or they could represent other
priced risk factors as, for instance, postulated in the international factor
model of Fama and French (1998). It is even conceivable that the inter-
cepts are picking up "irrational" deviations from "fair price". Whatever
their source, when investors are highly risk averse, these terms are found to
contribute positively to expected excess returns on most assets. Conversely,
when investors are less risk averse, the intercept terms contribute negatively
to expected excess returns.
Given the statistically signiﬁcant intercepts, our results amount to a re-
jection at the 1% signiﬁcance level of the international CAPM in its current
form (diagonal BEKK GARCH(1,1)-in-mean with synchronously switching
prices of risk according to a 2-state Markov chain with constant transition
probabilities). In fact, while the intercepts appear to "rescue" the inter-
national CAPM terms, their presence "kills" the international CAPM. Ac-
cording to this analysis, then, the international CAPM alone cannot explain
the returns of the 1990’s. For instance, particularly low (negative) expected
excess stock returns in 1996 are generated by the intercepts. Very roughly,
we ﬁnd that the international CAPM accounts for only about half of the
expected excess returns on most of our assets. Interestingly, statistically sig-
niﬁcant intercepts are also found by Dahlquist and Sallstrom (2002) in their
(non-switching) conditional GMM estimation of Adler and Dumas’ interna-
tional CAPM. Fearnley (2002), too, rejects the conditional (GARCH(1,1)-
in-mean) international CAPM for our sample period as a whole. However,
while his rejection is based on insuﬃcient evidence for the model in the
late 1990s, our rejection is linked to the presence of signiﬁcant intercept
terms. The absence of these terms in Fearnley’s speciﬁcation might explain
his ﬁndings.
Speciﬁcation tests show that the intercepts are capable of halving the
negative shift of the mean normalized (probability-weighted) Japanese stock
residuals. Hence this model speciﬁcation better explains the poor returns on
the Japanese stock market during 1993-2001 (-2.99% annualized excess re-
turn), and attributes this weakness to (unidentiﬁed) factors unrelated to the
international CAPM risk premia. Apart from this signiﬁcant improvement,
the inclusion of intercepts does not have a major eﬀect on the time series
properties of the normalized residuals (violation of iid ￿(0,1) for some of
the asset classes, see above).
The probability-weighted conditional relative universal log portfolio weights
of US, Japanese and European stocks and government bonds are in fair
agreement with the true market capitalization weights of these asset classes,
42in the sense that levels and trends are similar. However, this only holds for
the estimated universal log portfolio of the pure international CAPM (with-
out intercepts); when intercepts are added, the agreement breaks down. We
stress again, however, that the observed home bias in international capital
markets rules out the possibility that all investors hold the same portfolio of
risky assets, as predicted by the international CAPM when local inﬂation is
zero or deterministic. Therefore the approximate agreement between model
and data is at the aggregate World market portfolio level, and not at the
national market portfolio level.
Finally, the out-of-sample (optimal) log portfolio performance is poor
relative to a market capitalization weighted benchmark of realized nominal
US, Japanese and European stock and government bond returns ("World
market portfolio"). As in Fearnley (2002), the severe underperformance is
traced to large currency overlay positions, which imply big bets not only
on currencies, but also on stocks and bonds. The stock and bond part of
the universal log portfolio shows better out-of-sample performance, albeit
still worse than the World market portfolio (in fact, the model speciﬁca-
tion with intercepts performs much worse). Hence, neither of our model
speciﬁcations oﬀer an adequate description of the asset allocation process.
Moreover, neither of the models "beat the market", as a passive investment
strategy (buy & hold the market) outperforms an active strategy based on
our international CAPM forecasts. We believe, like Fearnley (2002) who
obtains similar results, that the underlying reason is a still unresolved mis-
match between modelled and true expected excess returns and covariances,
or, more fundamentally, between the hypothesized and true behaviour of
investors.
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47Table 1
QML parameter estimates for model with regime switching prices of risk.
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
a 0.1966 0.2167 0.2054 0.1176 0.1998 0.1532 0.1864 0.1174 0.2031
σ 0.0118 0.0137 0.0132 0.0398 0.0344 0.0181 0.0314 0.0174 0.0109
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
b 0.9633 0.9615 0.9618 0.9430 0.9520 0.9639 0.9460 0.9828 0.9634
















-22.00 38.25 -8.47 2.17 33.37 -41.93





The index i=1,....,9 runs across the assets in the following order: US, Japanese, and
European stocks; US, Japanese and European bonds; EuroYen and EuroECUB deposits;
and the World market portfolio, where EuroECUB is the composite European currency
basket (ECUB) Eurodeposit. a (b) is the vector of estimated central values of the
ARCH (GARCH) parameters ￿￿ (￿￿), and price
(￿) is the vector of estimated central
values of the prices of market risk (￿
(￿)




￿￿￿￿)i nt h et w o
regimes (￿ = 1￿2). Markov is the vector of estimated central values of the Markov
probabilities (￿, ￿). σ is the corresponding vector of standard deviations of the estimates.
48Figure 1
Probability-weighted prices of market risk (￿ ￿￿￿￿) and ECUB (currency) risk (￿ ￿￿￿￿￿￿￿)
for model with regime switching prices of risk. Weights are the smoothed probabilities
of being in regime ￿￿ = ￿￿ ￿ = 1￿2￿
Left ﬁgures show weekly and average price. Right ﬁgures show 13-week (quarterly)
rolling average, Hodrick-Prescott smoothed, and average price.


































































































































































































































































































13-week average Hodrick-Prescott filtered Average




































































































































































































































































































13-week average Hodrick-Prescottfiltered Average
49Table 2
Wald hypothesis tests for model with regime switching prices of risk.
Wald tests:
Null χ2
￿￿￿￿ W p − val Reject?
H0: ￿=1 3.8415 105.6497 0.0000 Yes















￿￿￿￿ 3.8415 29.7442 0.0000 Yes
H0: ￿
(1)








































￿￿￿￿=0 12.5916 152.8401 0.0000 Yes
ECUB is the European currency basket. ￿2
￿￿￿￿ is the 5% critical value for the Wald
(W)statistics, and is calculated as ￿2
(￿), where n is the number of constraints.
50Table 3
Speciﬁcation tests of estimated probability-weighted residuals for model with regime
switching prices of risk.
Panel 3A: Distributional statistics for normalized probability-weighted residuals,











USstock Japstock Eurstock USbond Japbond
0.020 -0.092 0.035 0.028 0.022
1.061 1.034 1.001 1.022 1.008
3.099∗ 3.195∗∗ 2.973 2.870 3.835∗∗
0.799 0.797 1.127 3.898 29.586∗∗
50.047 37.943 17.748 42.538 35.869









Eurbond EuroYen EuroECUB WorldMP
0.029 -0.023 0.019 -0.011
1.023 1.026 1.030 1.006
3.093 4.035∗∗ 3.379∗∗ 2.898
0.912 41.689∗∗ 6.016∗ 0.269
25.625 28.784 34.898 28.630
35.956 42.346 49.915 45.047
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively. Mean and Stdev (standard
deviation)are in units of percent. ￿ ￿￿￿￿ are the normalized probability-weighted residuals
for assets ￿ = 1￿￿￿￿9,g i v e nb y￿ ￿￿￿￿ = ￿ ￿￿￿￿￿
￿
￿ ￿￿￿￿￿,w h e r e ￿ ￿￿￿￿￿ are the diagonal elements
of the probability-weighted conditional covariance matrix ￿ H￿. Kurt is the kurtosis (not
excess), whereas the signiﬁcance test refers to excess kurtosis, using a test statistics
developed by D’Agostino, Belanger and D’Agostino (1990). JB is the Jarque-Bera test
statistics for normality, which is asymptotically distributed as ￿2
￿ with m = 2 degrees of
freedom (H0: normal distribution). L-B36 is the Ljung-Box test statistics which tests the
null hypothesis that there is no autocorrelation in normalized residuals (levels or squared)
up to 36 lags (arbitrarily chosen number); it is asymptotically distributed as ￿2
36.T h e
critical values at 95% and 99% conﬁdence levels are 50.998 and 58.619, respectively.
EuroECUB is the composite European currency basket Eurodeposit, and WorldMP is
the World market portfolio.
51Panel 3B: Wald hypothesis tests of regression coeﬃcients from regressions of sets
of information variables on the non-normalized probability-weighted residuals ￿ ￿￿￿￿ (H0:







USstock Japstock Eurstock USbond Japbond
5.059 5.552 2.820 5.752 8.922∗
(0.168) (0.136) (0.420) (0.124) (0.030)
5.444 6.528 2.932 1.476 7.333
(0.142) (0.089) (0.402) (0.688) (0.062)
4.627 6.514∗ 2.621 1.437 5.033
(0.099) (0.039) (0.270) (0.488) (0.081)
4.389 5.458 2.594 5.759 6.404∗
(0.111) (0.065) (0.273) (0.056) (0.041)
4.785 6.259∗ 2.816 1.413 5.165






Eurbond EuroYen EuroECUB WorldMP
1.281 9.241∗ 1.667 3.364
(0.734) (0.026) (0.644) (0.339)
2.594 8.041∗ 2.035 5.000
(0.459) (0.045) (0.565) (0.172)
2.464 6.664∗ 0.813 4.446
(0.292) (0.036) (0.666) (0.108)
1.027 7.717∗ 0.253 3.009
(0.598) (0.021) (0.881) (0.222)
2.254 6.748∗ 0.548 4.777
(0.324) (0.034) (0.760) (0.092)
∗ denotes 5% signiﬁcance level. The ﬁve information sets contain, apart from a con-
stant term ( 0), the following variables (∆ denotes ﬁrst diﬀerence): Set 1) ∆(World
dividend yield), ∆(US term premium), and ∆(US default spread); Set 2) ∆(World div-
idend yield), ∆(US riskfree rate), and ∆(US default spread); Set 3) ∆(World dividend
y i e l di ne x c e s so fU Sr i s kf r e er a t e )a n d∆(US default spread); Set 4 ) ∆(US term pre-
mium)and ∆(US default spread); and Set 5) ∆(US riskfree rate)and ∆(US default
spread). For sets 1 and 2, the null hypothesis is H0:  1 =  2 =  3 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(3), with 5% and 1% critical values of 7.815 and 11.345,
respectively. For sets 3, 4 and 5 the null hypothesis is H0: ￿1 = ￿2 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(2), with 5% and 1% critical values of 5.991 and 9.210,
respectively. EuroECUB is the composite European currency basket Eurodeposit, and
WorldMP is the World market portfolio.
52Figure 2
Price of market risk (Hodrick-Prescott smoothed)in model with regime switching prices
of risk (probability-weighted), and in Fearnley’s (2002) models with instrument
(exogenous or endogenous)price of market risk.
Price of market risk (H-P filtered), from model with regime switching risk
















































































































































Regime switching riskprices Instrument marketrisk price
Instrument marketrisk price w/levelshift Endogenous marketrisk price w/levelshift
53Figure 3
Probability-weighted expected weekly excess return (Hodrick-Prescott smoothed)in
model with regime switching prices of risk, and in Fearnley’s (2002)models with
constant or instrument (exogenous or endogenous)price of market risk.














































































































































Regime switching risk prices
Constant risk prices
Instrument marketrisk price
Instrument marketrisk price and level shifting risk prices
Endogenous marketrisk price and level shifting risk prices















































































































































Regime switching risk prices
Constant risk prices
Instrument marketrisk price
Instrument marketrisk price and level shifting risk prices
Endogenous marketrisk price and level shifting risk prices

















































































































































Regime switching risk prices
Constant risk prices
Instrument marketrisk price
Instrument marketrisk price and level shifting risk prices
Endogenous marketrisk price and level shifting risk prices















































































































































Regime switching risk prices
Constant risk prices
Instrument marketrisk price
Instrument marketrisk price and level shifting risk prices
Endogenous marketrisk price and level shifting risk prices



















































































































































Regime switching risk prices
Constant risk prices
Instrument marketrisk price
Instrument marketrisk price and level shifting risk prices
Endogenous marketrisk price and level shifting risk prices















































































































































Regime switching risk prices
Constant risk prices
Instrument marketrisk price
Instrument marketrisk price and level shifting risk prices
Endogenous marketrisk price and level shifting risk prices
54Table 4
QML parameter estimates for model with regime switching prices of risk and intercepts.
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
a 0.2171 0.2439 0.2386 0.1650 0.2217 0.1979 0.2408 0.1476 0.2299
σ 0.0212 0.0174 0.0157 0.0452 0.0287 0.0218 0.0430 0.0192 0.0155
￿1 ￿2 ￿3 ￿4 ￿5 ￿6 ￿7 ￿8 ￿9
b 0.9568 0.9530 0.9534 0.9359 0.9365 0.9541 0.9090 0.9749 0.9549




















α(1) -0.4955 -0.9534 -0.3391 -0.1844 -0.4598 -0.0016 -0.5695 -0.0413 -0.4292




















α(2) 0.4605 0.3591 -0.0440 0.1269 0.1507 -0.5661 0.1446 -0.5451 0.1417
















-4.24 23.23 8.90 -9.73 9.04 21.94





The index i=1,....,9 runs across the assets in the following order: US, Japanese, and
European stocks; US, Japanese and European bonds; EuroYen and EuroECUB deposits;
and the World market portfolio, where EuroECUB is the composite European currency
basket (ECUB) Eurodeposit. a (b) is the vector of estimated central values of the ARCH
(GARCH) parameters ￿￿ (￿￿). The vectors α(1) and α(2) contain the estimated central
values of the state dependent intercepts in regime 1 and 2, respectively. ￿￿￿￿￿(￿) is the
vector of estimated central values of the prices of market risk (￿
(￿)





￿￿￿￿) in the two regimes (￿ = 1￿2). Markov is the vector of estimated cen-
tral values of the Markov probabilities (￿, ￿). σ is the corresponding vector of standard
deviations of the estimates.
55Table 5
Wald hypothesis tests for model with regime switching prices of risk and intercepts.
Wald tests:
Null χ2
￿￿￿￿ W p − val Reject?
H0: ￿=1 3.8415 141.4966 0.0000 Yes















￿￿￿￿ 3.8415 0.3964 0.5289 No
H0: ￿
(1)








































￿￿￿￿=0 12.5916 17.7919 0.0068 Yes













































9 =0 5.9915 20.2998 0.0000 Yes
LR test: χ2
￿￿￿￿ LR p − val Reject?
H0: α(1)=α(2)=0 28.8693 118.1264 0.0000 Yes
ECUB is the European currency basket. ￿2
￿￿￿￿ is the 5% critical value for the Wald
(W) statistics, and is calculated as ￿2
(￿), where n is the number of constraints.
56Figure 4
Probability-weighted price of market risk for model with regime switching prices of risk
and intercepts. The weights are the smoothed probabilities.
Left ﬁgure shows weekly and average price. Right ﬁgure shows 13-week (quarterly)
rolling average, Hodrick-Prescott smoothed, and average price.





























































































































































































































































































13-week rolling average Hodrick-Prescottfiltered Average
Figure 5
Probability-weighted price of market risk (Hodrick-Prescott smoothed) in model with
regime switching prices of risk and intercepts, and in model with regime switching prices
of risk (no intercepts).
Price of market risk (H-P filtered), from modelwith switching risk prices


















































































































































Probability-weighted expected weekly excess returns for model with regime switching prices of risk and
intercepts.







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Probability-weighted expected weekly excess returns in model with regime switching prices of risk and
intercepts, decomposed into international CAPM and intercept terms (Hodrick-Prescott smoothed).
US stocks: Weekly expected excess return

















































































































































Total Intercept term CAPM term
US bonds: Weekly expected excess return















































































































































Total Intercept term CAPM term
Japanese stocks: Weekly expected excess return



















































































































































Total Intercept term CAPM term
Japanese bonds: Weekly expected excess return


















































































































































Total Intercept term CAPM term
European stocks: Weekly expected excess return


















































































































































Total Intercept term CAPM term
European bonds: Weekly expected excess return





















































































































































Total Intercept term CAPM term
EuroYen deposit: Weekly expected excess return



















































































































































Total Intercept term CAPM term
EuroECUB deposit: Weekly expected excess return





















































































































































Total Intercept term CAPM term
World market portfolio: Weekly expected excess




















































































































































Total Intercept term CAPM term
59Figure 8
Probability-weighted expected weekly excess returns (Hodrick-Prescott smoothed) in model with regime
switching prices of risk and intercepts, and in model with regime switching prices of risk (no intercepts).














































































































































Regime switching pricesof riskandintercepts
Regime switching pricesof risk(no intercepts)















































































































































Regime switching prices of risk and intercepts
Regime switching prices of risk (no intercepts)














































































































































Regime switching pricesof riskandintercepts
Regime switching pricesof risk(no intercepts)















































































































































Regime switching prices ofrisk and intercepts
Regimeswitchingpricesofrisk(nointercepts)














































































































































Regime switching pricesof riskandintercepts
Regime switching pricesof risk(nointercepts)















































































































































Regime switching prices of risk and intercepts
Regime switching prices of risk (no intercepts)


































































































































































































































































































Regime switching prices of risk and intercepts
Regime switching prices of risk (no intercepts)


















































































































































Regime switching prices of risk and intercepts
Regime switching prices of risk (no intercepts)
60Table 6
Speciﬁcation tests of estimated probability-weighted residuals for model with regime
switching prices of risk and intercepts.
Panel 6A: Distributional statistics for normalized probability-weighted residuals,











USstock Japstock Eurstock USbond Japbond
0.000 -0.048 0.023 0.030 -0.004
1.061 0.990 0.976 0.980 0.976
3.157∗∗ 3.473∗∗ 2.869 3.198∗∗ 3.768∗∗
1.724 4.348 1.428 5.635 23.115∗∗
60.017∗∗ 37.478 21.565 39.596 37.100









Eurbond EuroYen EuroECUB WorldMP
0.045 -0.025 0.022 0.004
0.997 1.002 1.013 0.986
2.825 4.291∗∗ 2.935 3.106∗
0.545 47.831∗∗ 0.089 1.380
26.654 29.242 34.843 28.428
34.361 43.793 58.943∗∗ 28.548
∗ and ∗∗ denote 5% and 1% signiﬁcance level, respectively. Mean and Stdev (standard
deviation) are in units of percent. ￿ ￿￿￿￿ are the normalized probability-weighted residuals
for assets ￿ = 1￿￿￿￿9,g i v e nb y￿ ￿￿￿￿ = ￿ ￿￿￿￿￿
￿
￿ ￿￿￿￿￿,w h e r e ￿ ￿￿￿￿￿ are the diagonal elements
of the probability-weighted conditional covariance matrix ￿ H￿. Kurt is the kurtosis (not
excess), whereas the signiﬁcance test refers to excess kurtosis, using a test statistics
developed by D’Agostino, Belanger and D’Agostino (1990). JB is the Jarque-Bera test
statistics for normality, which is asymptotically distributed as ￿2
￿ with m = 2 degrees of
freedom (H0: normal distribution). L-B36 is the Ljung-Box test statistics which tests the
null hypothesis that there is no autocorrelation in normalized residuals (levels or squared)
up to 36 lags (arbitrarily chosen number); it is asymptotically distributed as ￿2
36.T h e
critical values at 95% and 99% conﬁdence levels are 50.998 and 58.619, respectively.
EuroECUB is the composite European currency basket Eurodeposit, and WorldMP is
the World market portfolio.
61Panel 6B: Wald hypothesis tests of regression coeﬃcients from regressions of sets
of information variables on the non-normalized probability-weighted residuals ￿ ￿￿￿￿ (H0:







USstock Japstock Eurstock USbond Japbond
3.575 4.285 2.125 7.313 8.313∗
(0.311) (0.232) (0.547) (0.063) (0.040)
3.677 5.128 1.743 1.785 7.625
(0.299) (0.163) (0.627) (0.618) (0.054)
0.212 4.987 1.146 1.653 3.600
(0.899) (0.083) (0.564) (0.438) (0.165)
0.212 4.232 1.609 7.256∗ 4.073
(0.899) (0.120) (0.447) (0.027) (0.131)
0.339 5.136 1.396 1.554 3.672






Eurbond EuroYen EuroECUB WorldMP
1.067 8.112∗ 0.359 3.589
(0.785) (0.044) (0.948) (0.309)
2.184 7.769 0.674 4.211
(0.535) (0.051) (0.879) (0.240)
1.825 4.836 0.666 1.781
(0.402) (0.089) (0.717) (0.410)
0.840 5.021 0.333 1.448
(0.657) (0.081) (0.847) (0.485)
2.013 4.839 0.639 2.381
(0.366) (0.089) (0.727) (0.304)
∗ denotes 5% signiﬁcance level. The ﬁve information sets contain, apart from a con-
stant term ( 0), the following variables (∆ denotes ﬁrst diﬀerence): Set 1) ∆(World
dividend yield), ∆(US term premium), and ∆(US default spread); Set 2) ∆(World div-
idend yield), ∆(US riskfree rate), and ∆(US default spread); Set 3) ∆(World dividend
y i e l di ne x c e s so fU Sr i s kf r e er a t e )a n d∆(US default spread); Set 4 ) ∆(US term pre-
mium) and ∆(US default spread); and Set 5) ∆(US riskfree rate) and ∆(US default
spread). For sets 1 and 2, the null hypothesis is H0:  1 =  2 =  3 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(3), with 5% and 1% critical values of 7.815 and 11.345,
respectively. For sets 3, 4 and 5 the null hypothesis is H0: ￿1 = ￿2 =0 ,a n dt h eW a l d
test statistics is distributed as ￿2
(2), with 5% and 1% critical values of 5.991 and 9.210,
respectively. EuroECUB is the composite European currency basket Eurodeposit, and
WorldMP is the World market portfolio.
62Figure 9
Relative weights of US, Japanese and European stocks and bonds, in-sample and
out-of-sample, calculated from the probability-weighted conditional universal log
portfolio, compared with true (observed) market capitalization weights. The results are
from model with regime switching prices of risk (no intercepts).
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63Figure 10
Weights of assets in the probability-weighted conditional optimal portfolio of a US
investor whose risk tolerance exactly equals the estimated regime switching World risk
tolerance, in-sample and out-of-sample. The results are from model with regime
switching prices of risk (no intercepts).




























































































































































Stocks and bonds IN-SAMPLE Stocks and bonds OUT-OF-SAMPLE
EuroYenand EuroECUB IN-SAMPLE EuroYenand EuroECUB OUT-OF-SAMPLE
Riskless asset (USD) IN-SAMPLE Riskless asset (USD) OUT-OF-SAMPLE
64Figure 11
Out-of-sample nominal return indices for the probability-weighted conditional universal
log portfolio of stocks, bonds, and Eurocurrency deposits, and for the World market
portfolio (WMP) of stocks and bonds. Initial values are set to 100. The results are for
model speciﬁcation with regime switching prices of risk, and for speciﬁcation with
regime switching prices of risk and intercepts.
Return indices for the log portfolio and the
















































































Regime switching prices of risk
Regime switching prices of riskand intercepts
Figure 12
Out-of-sample nominal return indices for the stock and bond part of the
probability-weighted conditional universal log portfolio, and for the World market
portfolio (WMP) of stocks and bonds. Initial values are set to 100. The results are for
model speciﬁcation with regime switching prices of risk, and for speciﬁcation with
regime switching prices of risk and intercepts.
Return indices for the stock and bond part of the log portfolio,

















































































Regime switching prices of risk
Regime switching prices of riskand intercepts
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International Center FAME - Partner Institutions 
 
 
The University of Geneva 
The University of Geneva, originally known as the Academy of Geneva, was founded in 1559 by Jean 
Calvin and Theodore de Beze.  In 1873, The Academy of Geneva became the University of Geneva with the 
creation of a medical school.  The Faculty of Economic and Social Sciences was created in 1915.  The 
university is now composed of seven faculties of science; medicine; arts; law; economic and social sciences; 
psychology; education, and theology.  It also includes a school of translation and interpretation; an institute 
of architecture; seven interdisciplinary centers and six associated institutes. 
 
More than 13’000 students, the majority being foreigners, are enrolled in the various programs from the 
licence to high-level doctorates. A staff of more than 2’500 persons (professors, lecturers and assistants) is 
dedicated to the transmission and advancement of scientific knowledge through teaching as well as 
fundamental and applied research. The University of Geneva has been able to preserve the ancient European 
tradition of an academic community located in the heart of the city. This favors not only interaction between 
students, but also their integration in the population and in their participation of the particularly rich artistic 
and cultural life. http://www.unige.ch 
 
The University of Lausanne 
Founded as an academy in 1537, the University of Lausanne (UNIL) is a modern institution of higher 
education and advanced research.  Together with the neighboring Federal Polytechnic Institute of Lausanne, 
it comprises vast facilities and extends its influence beyond the city and the canton into regional, national, 
and international spheres. 
 
Lausanne is a comprehensive university composed of seven Schools and Faculties: religious studies; law; 
arts; social and political sciences; business; science and medicine. With its 9’000 students, it is a medium-
sized institution able to foster contact between students and professors as well as to encourage 
interdisciplinary work. The five humanities faculties and the science faculty are situated on the shores of 
Lake Leman in the Dorigny plains, a magnificent area of forest and fields that may have inspired the 
landscape depicted in Brueghel the Elder's masterpiece, the Harvesters.  The institutes and various centers of 
the School of Medicine are grouped around the hospitals in the center of Lausanne. The Institute of 
Biochemistry is located in Epalinges, in the northern hills overlooking the city. http://www.unil.ch 
 
The Graduate Institute of International Studies 
The Graduate Institute of International Studies is a teaching and research institution devoted to the study of 
international relations at the graduate level. It was founded in 1927 by Professor William Rappard to 
contribute through scholarships to the experience of international co-operation which the establishment of 
the League of Nations in Geneva represented at that time. The Institute is a self-governing foundation 
closely connected with, but independent of, the University of Geneva. 
 
The Institute attempts to be both international and pluridisciplinary. The subjects in its curriculum, the 
composition of its teaching staff and the diversity of origin of its student body, confer upon it its 
international character.  Professors teaching at the Institute come from all regions of the world, and the 
approximately 650 students arrive from some 60 different countries. Its international character is further 
emphasized by the use of both English and French as working languages. Its pluralistic approach - which 
draws upon the methods of  economics, history, law, and political science - reflects its aim to provide a 
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